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BY 

CAPTAIN CLIBBORN, B.S.C., 

EXECUTIVE EXGIXEEE, OX SPECIAL DUTY IVITH THE DEPAETHEXT OF 
AOBICULXXJBG AND CO^klMERCE 



Faou 


Captain J CLIBBORN, BSC, 

Executive Engineer 
To 

The director, DEPT AGRI and COMMERCE, 

North-Westebn Peovinces and Oddh 

Bated Nairn Tal, 15th Avgust, 1882. 

SlE, 

I HAVE the honor to fonvard a Report on Irrigation from "Wells as practised in 
these Provinces in compliance with jonr demi-oflBcial instructions 

You will notice that the results I have am\ed at, if correct, show that well 
irrigation is only profitable under favorable conditions, and there is reason to believe, 
that in most districts cultivators have already very fully availed themselves of their 
opportunities, leaving to us now only the doubtful sites to occupy, if we enter in an 
extended scheme 

There are, however, many opportunities for profitable Government interference in 
detached situations, and above all in the repair of existing works, to the financial 
success of which, however, the increase m cost due to the supervising estabhshment 
wiR prove a senous hindrance 

Of all the districts I visited, Bulandshahr presents the most favorable conditions 
for well enterprise, hut detailed enquiry is necessary I will forward the statistics of 
the worst villages in the pergannas noted in a few days 

I had intended putting up a senes of subsoil water contours with this Report, 
from which some hints on the causes of the variation in quantity of supply might be 
expected, but I regret that all the necessary information has not as yet arrived 
I trust to be able to forward them to you in the course of a month 
The recent advances in electncity may prove an unexpected means of famine 
protection m these Provinces, and the water power of the canal falls could not be 
better employed, than in lifting water, either from the nvers, for those tracts where 
wells are impossible, or from wells with a good supply 

From the Note on the Moradabad "Wells, it must not be supposed that it is im- 
possible to build wells giving a good supply in pure sand, it is only a matter of 
expense , if the well rested on a platform of concrete of thickness and area sufficient 
to support it over the inevitable hollow in the sand below, we would have an admir- 
able imitation of the mota, which should be perfectly successful, the cost, however, of 
laying such a platform, say 20 feet below water surface, would he considerable, and 
the necessary area is yet a matter of theory 

I have the honor to be, 

SlE, 

Your obedient Sen ant, 

JOHN c| tBORN, Capt, BSC, 

1 Executive Engineer 
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INTRODUCTION 

I. Imgnlion from -wells lins been practised m Ibcso Provinces from time immemonal. 
Tlio subject 13 ono in whicli Government takes groat interest, and jnstlj so, as tho ares 
watered is largo, and such imgation in many districts constitutes tho only moans of 
bnnging a high class crop to maturity 

2 There are vast inequalities in tho distribution of well imgation, oven in distnots in 
which thcro is an equal demand for water, and the question which naturally suggests itself 
to all interested in agncullnral improvomonts is, why not increase the number of wolls until 
districts requiring water have a full command of it ? 

8 To answer tho above sotisfactonly, it is nocossaiy to invesbgato the followmg 
points — 

ls( Tho available supply of water. 

2nd „ „ labor 

Srd Tho cost of imgation, 

4l/i Tho area commanded per -umt. 

4 Tho necessity for information on the first three points is self-evident — it is import- 
ant to know tho fourth, as -without it -wo cannot determine tho number of wolls required for a 
given area And it may bo boro o-vplained that the umt selected is ono pair of cattle or men 
employed actually lifting water 

5 Tho cost of imgotmg a given area depends on a number of factors— such ns depth 
to water surface, amount and kind of labor employed, situation and crop For instance, 
wheat in Muttra requires five waterings, in Moradabad only one , gram is rarely watered 
more than once, whilo tobacco often takes ton waterings, and the depth of water given to 
different crops also vanes greatly 

G Abundant statistics regarding well imgation exist, bat unfortunately they are of 
little value in tho present instance, ns the area irngntod has nearly always been returned 
per well, and a well is not invannbly ono unit, but often contains as many as 8 , indeed 
there are mstances of wells contaimng IG to 20 nmts 

7 In many examples on which calculations have been founded, imgable arena were 
returned ns imgatod, and wells which foiled to give any useful supply m ordinary years were 
counted on ns capable of a high duty in fanune time 

8 Again with reference to the quantity of water hfted per day, tho experiments have 
usually been earned on for n short penod only, and the day’s work caloulated by multiplying 
tho result by an assumed number of hours representmg the day’s work. 

9 This method is inaccurate and misleading, for the rate of work on every well, as 
might naturally be supposed, vanes greatly dnnng tho day, -with the condition of tho cattle, 
tho men, and tho depth of water It is always dangerous to calculate largo results from 
small percentages, nor is it unlikely that tho Assami will be mterested in the result, and 
attempt deception, which need only be earned on for a short time, and will not senously 
interfere with his day’s work 

10 For the above-mentioned reasons, I determmed that the only way to amve at a 
just conclusion on the subject of well imgation was to experiment for the full working day 
on all classes of wells over a large area, and also to record, personally, as far as possible 
aotnal areas imgated, number of times each crop is watered, and all other details bearmg' 

^ on tho subject 

II, Tho Report now subnutted gives the result of theso expenments, which wore 
earned ont in 20 districts of the North-'Westem Provinces and Ondh, over a distance of 
1,200 imles, at mtervals averaging 10 miles apart , the hne of country covered is shown on 
Plate IX., and it -will he seen that it embraces every class of well imgation, from the 
first class Kili lifts of Aligarh to the percolation wells of Bnndelkhaud, and the Dhenkh 
imgation of the semi-Terai tracts * 

• Fide TnMo A 

B 
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12 The Enb-Boil water supply m tho Gogra-Ganges Do4b js, ns for -ns is known, 
inexhaustible, and nearly everywhere it is at a reasonable distance from tho ground sur- 
face, but imgation decreases in a marked mannor when tho depth to water surface exceeds 
60 feet. The wator-bcanng strotum ns a rule is sand, which in most instances is overlaid at 
varying distances from the ground surface hy a bed of clay, indurated sand, orkunknr, cnUed 
variously “ mota," “ mnlbarowa,” or “ nagnsnn ” 

18 The existence of the indurated sand and knnkur bods is obTiously due to local 
action since the Dodb was first formed , they are mot with in but n few isolated locahties, and 
have httlo bearmg on the general question 

14 Far differentia tho case with the clay bed or mota Where it occnrs, wells are 
always possible, and there are few Zemindars or Assamies m any Tillage who cannot pomt 
out with accuracy tho site and depth of tho layer 

15 The mota was deposited at tho period of the formation of the Dodb, and in con- 
junction with tho sand strata, was probably the result of action similar to that which now pro- 
duces clay beds m the khndirs of deltaic nvers 

16 The mota is not universal , its general distnbution is shown m P/ati ILL, and 
there are only a few isolated viUages oven in tho best distncts in which it is found everywhere 

17 Referring to Pia/e ITT , it wiU he noticed that the mota is not known at aU in 
those tracts directly nnderlymg the hills, and gradually increases in occurrence ns the slope 
of country decreases, it is, however, much more prevalent in the Ganges- Jumna Dodb than 
in the Ganges-Gogra Dodb 

18 The term mota is not applied to all clay strata, but only to those cither underlying 
or directly overlying sand containing water , there are often many such strata of varymg 
thickness and at different depths 

19 Canals are only a recent introduction compared with wells, which in many dis- 
tricts have been tho only means of raising high cln's crops for a natnrally stable commnmty 
The accurate knowledge which villagers generally possess of the position of the mota is not, 
therefore, to be wondered at It is not nniversal ns might be supposed, bnt when n cultivator 
asserts his knowledge it may generally bo accepted 

20 Their information is of conrso denved from experience gained in excavating for 
wells, which have either proved failures, or have been filled np or broken long since In 
many cases tbe memory of the former well has been lost, and I have come across several 
instances in which new wells have stmeb on old and long forgotten ones, the sites having 
been chosen on a tradition of the existence of the mota 

It 18 ennons to note that nltbongh the mota may be scarce in n villngo, if it exists at nU 
tbe inhabited site will be found on or near it, so placed for obviOLS reasons, and perhaps 
tho mota may have had more influence on the selection of the sites for great native towns 
than it 13 generally given credit for Amroha and Bareilly may be instanced 

21 Sections A to Q (Piff 1, P/ale L) illustrate vnnons conditions of snb-soil found 
in the Dodb , they might be indefinitely mnltiphed, as the clay, sand and water oconpy every 
possible relative position 

22 Leaving out of the question for the present wells which receive a supply from 
percolation, we will consider the case of what are usually termed spnng (“ Bom ”) wells, 
which should bo sunk so as to have the curb or lower ring firmly embedded in tho mota, 
thereby (if a masonry well) shutting out from direct entry all water overlying it Now tho 
generally accepted theory regarding the use of tbe mota for water supply is that it acts ns an 
artesian basin, and that the supply entormg tbe well throngb an onfice which is bored in the 
clay 18 a vcntnhlo spnng,* caused by the pressure of water from the collecting area of tho bnsm 


* Sach wells are tenned ^rlng in the Tables to distinEuish them from percolation weDi 
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23 Tlio fnefs irliicli nre nllcgod to support tins theory aro first, that until tho mota is 
rcnchcd tho irnler supplj is cnsily exhausted This is contradicted by oxpcnencc Secondly, 
that uhen the hole is bored into tho mota a copious supply of vrater enters tho well, often 
causing danger to the workmen if they do not escape ipuckly, and sometimes rising above 
tho mouth But tho artesian theory pro-siipposcs tho comparative contmuity of tho mota, 
which IS at variance with tho universal testimony of cultivators, and tho facts alleged are 
easily explained on other grounds, tide paras 2C-30 It will also bo shown that artesian 
action IS quite incompntablo with tho strata of tho Doiib 

21 Although the ground surface of these Provinces has been thoroughly surveyed, 
and numerous eross sections taken of tho ground levels, unfortunately there has been but 
little systomalic attempt to contour tho sub-soil water surface, for which, lu conjunction 
with tho ground surface levels, wo possess unrivalled facilities in tho numerous wells, and 
it IS certainly desirable that in future surveys tho sub-soil water and tho position of tho 
mota should be measured and recorded in a similar manner to tho ground surface 

25 Plate IV shows the snb-soil water and ground surfaces on a section taken across 
tho Dcoband Doilb along tho Shorali road, and may bo taken as a type Tho water 
surface is at its highest lu tho centre of tho Do ib, and gradually falls in a rapidly increas- 
ing slope ns it nears tho rivers on both sides llio longitudinal slope is ono corresponding 
in some degree to that of the countrv, and over tho whole area in which tho so-called spnng 
wells exist , it does not exceed 1 to 2 feet per mile There is abundant cndenco that tho 
water from the high land drams into the rivers on each side at a slope of about 1 m 100, 
or 50 feet per milo, (it vanes according to tho nature of tho stratum,) and even if tho mota 
were nmfomily continuous and regularly ovcrhid tho water-bearing strata, (which it does 
not,) it IS evident that there could be very slight, if any, artesian action A typo section of 
the mota as it really ocenrs is shown in Fty 2, Plate I 

20 Tlio following theory, advanced by Mr J S Beresford, Executive Engineer, 
Irrigation Department, appears to offer a true solution of the action which takes place 

It is admitted that in new wells when tho hole through the mota is first made, a 
certain quantity of sand is forced up into the well with the water, but after a short time 
this emission of sand ceases, and if tho mota is a good ono (3 to 5 feet thick of hard clay) no 
sinking of the well takes place A hollow in tho sand beneath must, therefore, be formed, 
and Mr Beresford assumes that it is of tho form (C) shown in Fty 8, Plate I , and that 
tho mota merely nets ns a platform to support tho well over this hollow in the sand, 
which gives a surface largo enough to discharge a supply correspondmg to the head given 

27 The head is tho difference of level between tho water inside and outside the 
well, for when water is drawn from a well the surface reduces more or less rapidly accord- 
ing to the quantity drawn out and the strength of tho supply, and at length a point is 
reached when the water vacuum is just snfBcient to draw m n supply equal to tho quantity 
taken out This is the mean head, it naturally vanes a good deal over tlie Dodb, and can 
be found for any of tho experimental wells by deducting the figures in column G7 from those 
m column GG, Table A. 

28 This theory is well supported by facts famihar to Engineers erpenenced m laying 
foundations below water surface on sand, where these consist of a platform resembling 
tho mota If any flaws exist, after a slight primary emission of sand, nothmg but clear 
water is discharged, and no damage to the foundation ocenrs, provided the platform is 
thick and strong enough to act as a beam over the hollow in the sand below The size of 
the hollow will bo modified by two conditions — 

1 The head, which regulates the quantity of discharge 

2 The comparative fineness of the sand, which regulates the rate of discharge 

The coarser the sand the smaller will be the hollow Perhaps the best idea of the 
area required to admit of the delivery of a given quantity of water in a given time may 
be obtained if we represent the spaces between the particles of sand by the holes m fine 
wire gauze of varying gauges Coarse netting will require a smaller area to admit of a 
given discharge than fine netting 

29 Similar action may be observed by any one curious enough to examme the true 
springs when tho sub-soil water escapes at the junction of the hangar and khadir On the 
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banlcs of onr largo riTdrs ilio Llindir from A to D will nsnally bo covered with a clay 
deposit over sand, and Ibo springs burst out at A, Fig 1, Plate I , and flow mto swamps 
between A and D, or to the river direct A sort of enp or liollow is formed, su B, in which 
the sand bubbles up with tho force of tho spring, but when tlio area of the surface of tho 
hollow is largo enough to discharge tho water supply, nothing but tho very finest sand is 
earned away 

so If a well rests on sand alono when water is drawn, abstraction of sand takes placo 
from below, and the well being a heavy body sinks into tho hollow Tho cGfcct of 
drawing water from a well m pure sand is to dram an inverted cone, tho height of which is 
represented by the depth of tho well below water surface, the steopness of the sides vatying 
directly with tho fineness of the sand stratum, Fig 5, Plate I 

It will bo seen that tho content of tho cono increases with tho depth of the well below 
the percolation level 

Tho water nearest the well is first drawn into it, and passing vertically down closo ont- 
sido, draws the sand with it into tho well, and if tho process is continned long enough, tho 
sand will eventually rise into the well until nearly level with tho water outside • 

31 Tho results described will only ocenr when tho quantity of wafer drawn from a 
well IS greater than the surface exposed, i < , the area of the bottom of well can deliver 
Tlicrc are wells on tho margins of tho Bnndclklmnd lakes which give an ample supply from 
fine gravel, and which correspond in every point with tho esamplo nbovo oesenbed, except 
that the intervals between the particles are greater 

S2 Tliere is no difficnlly in designing a well winch would work successfully in pure 
sand of any fineness, it is only necessary to make it largo enough , but tlio expense in tho 
strata usually mot witli in the Dofib would bo enormous, and ns far as practical irrigation is 
concerned it is ont of tho question 

IVclIs resting on pure sand are constantly used for drinking purposes without any 
injury to their stability 

SS For tho ordinary cylinder well it is therefore evidont that tho existence of the 
mata is a nscessity for its success^ ns on imgnting medium, and it is worth noting that but 
for this vciy resistance which sand oilers to the passage of water, irrigation wells wonld 
practically bo impossible m the Boab, for tho snb-soil snpply would dram away to tho 
lowest point , its contour would bo a nearly level hno between great nvers, and tho depth 
to water on tho watershed, which is now the least at tho tablelands, wonld bo a maximum, 

34 There are great rnriotions in tho quantity of water capable of being drawn from 
wells closo together and apparently similnr in all respects, but tho ciplniialion is simple 
enough when we remember that the area of tho mota must hare a similar effect to an m- 
creaso in the depth of tho well m enlarging tho diameter, and eonscqnenlly the content 
of tho dramage area {vide Fig 6, Plate I) 

86 Percolation wcUs are used under tho following conditions — 

(а) When the mota does not exist 

(б) WTien it does exist but is at such a depth below water surface that it is too ex- 

pensive or too difficult for thopoople, with Ibeir existing means to reach it, 

(c) When wells resting on the motn become injured from various causes 

((f) When they pay better than mota wells Water enters a percolation well by 
filtration from the sand, cither through crevices in tho wall of the well, 
or through a grass or twig lining, which admits tho water while holding 
the sand back. Such wells are generally fonnd in tho 1 badirs and Jorr- 
lymg lands, where recent diluvial action has washed away tho former 
strata, replacing them by nearly pure sand On the outskirts of tho 
town of Jalnlpnr, (Shnbjabanpur District,) there is a ennons instance of 
this action For miles round, tho Itamganga, ivhich is a great ivanderer. 


• fide Morndabnd well exponmont. 
t Natnral or artificiak 
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lias cnt away tlio old slrala and tlio mota is nnknown, except where n 
kunknr stratum exists in a small patch of IG acres in extent, which is 
crowded with no less than 14 kucha wells, some of them 100 years old 
— all worked with Bdtis, n class of lift not much used elsewhere in the 
pnrgnna Percolation wells ore also extensively scattered over the dis- 
tricts lying under the hills, where, ns before noted, the mota is rarely 
found, and as (m common with the khadir) such lands require little water 
compared with the more southern districts, there appears to exist a sort 
of balance of power regarding the fncihties for irrigation in the vanons 
tracts of the DoAb 

■With reference to the four conditions nndcr which percolation wells are need. Case (a) 
is Eclf-endcnt , Case (d) will be dealt with when the cost of irngntion is considered 

Case (6) occurs — 

Is( In Tilingc', most parts of which possess a good mota easily obtamnble, but 
certain other areas have the mota either at n greater depth or overlaid 
with quid sand, and tho people, accustomed as a rule to dig wells with 
facility, magnify to themselves tho difGcnlties to be met wnth in these iso- 
lated areas, which, in less favored villages, wonld bo considered serviceable 

2nd "When tho mota is at such n depth that the Capital outlay would leave no mar- 
gin for profit 

3nf In areas where tho mota is overlaid with sand formerly dry, m which kucha 
“ Bom ’’ wells were tho rule, bnt where now, from a rise in water level, 
tho sand has become saturated, and the people are unable to reach tho 
mota simply because they cannot dig tbroagh the wet sand In the 1st 
and 3rd cases tho advantage of Government mterference is obvious, advice 
and regulated advances wonld bo mvalnablo 

Case (c) occars— 

lit "When the mota is thin If tho well is overworked tho supply of water will 
increase, but so will tho hollow nndcr the clay, and eventually becoming 
too largo for tho thickness of the mota, tho well drops through and is 
practically ruined This occurs frequently in famine years, when good wells 
are strained to tho utmost Fortunately there is often a seeond layer 
some distance below, and were advice and assistance afforded, many piti- 
able examples of wasted capital could agam be made profitable 

Cultivators are frequently well aware of this danger, and will refuse to allow 
a second cJiurrus to be used, although apparently the supply m the well is 
ample 

2nd When the well gets broken below, and the owner is afraid to clear it out and 
re-open the mota. These cases arc quite remediable m most mstances, 
but often are beyond the powers of tho owners 

3rd WTien through carelessness the well is allowed to get filled with debns and a 
small supply only filters tbrongh This is scarcely a case of enforced 
percolation, and occurs mostly in those canal-irngated villages, when the 
water surface has been so much raised that such a well will suffice for 
tho irngation of a small plot of opium or garden produce • In cases 
like this it wonld appear advantageous to reserve the canal supply for less 
favored locahties 

When the sub-soil waterfalls below the mota This does not invanably result 
m the well becoming percolation. Often as before mentioned a second 
mota exists, and if it can be reached the well may be underpinned, and a 
fresh supply obtained from the lower layer, for its stability is in no way 
endangered as it resle on the mota above If, however, no lower mota 
exists, or if it IS at a great distance, the cultivator can only dig a hole m 
the sand below, line it with g^ss and obtain a small and mtermittent sup- 
ply, the end is generally the destruction of the well, ns the mota is gradu- 

• Cultivators In canal -nllsBes often keep up a sort of homo farm round tho well to employ their 
cattle on, and opinm is a favonto crop, os it rciituics Irequcnt and thin raterings. 
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ally andennined, from the abstraction of the sand by the bncket, and it 
has also lost the snpport given by the irater formerly below it 

8C It IS somewhat difScnlt to understand how the ram water, which naturally must 
be the mam source of the snb-soil supply, finds its way below the surface Experiments 
made after heavy falls on plateaus show that the depth to which water penetrates directly 
into tho soil IS not great, it vanes from a few inches to ns many feet according to the nature 
and level of the surface, and from the snb-soil water contours we see that the nvers even in 
heavy flood can have httle or no effccL* Practically what we want to determmo is the 
source of the supply in the higher levels, to, AA of anyDoab cross section. Fig 7, ns these 
must bo nearest the source, the lower levels clearly being the result of slow dramage towards 
the nvers on either side That this dramage is very slow is both certam and fortunate , 
certam, because we know that the level in wells even m years of excessive drought falls 
a few feet only compared with the great difi'erenco of level which exists between the surface 
of the water at the centre and the edges of the Doib , for instance, m the section of the 
Eeoband Dodb before referred to, the difference ofjevel is 16 feet in a distance of li miles, 
which IS a comparativelv flat slope, but we have no record of any fall in wells near this ap- 
proachmg 16 feet The resistance to drainage is fortunate, ns without it the contonr would 
assume the direction of the dotted line CC, (Fig 7, Pfale I ,) which m many distncts 
would be fatal to the interests of well irrigation That the raiufall does not filter evenly 
down from tho whole surface exposed may he accepted as evident, hnt there are great vari- 
ations m the nature of sofls, and any cursory inspection of a map will show the watershed 
mtersected with jhils and hollows, the majority of which undoubtedly have clay beds, hnt 
m many tho soil is more or loss porous 

37 This assumption of local and isolated filter beds is supported by the fact that 
the rise of water m wells is most marked m some ■nllages, while there is scarcely any 
yearly vanalion in others, and m all the water nsnally resumes its normal level by the end 
of the cold weather 

88 A good example of the effect of the water m tanks on wells is found m the 
Bhogmpnr village, Cawnpore District, the plan of which (Plate TIL) shoirs a marked 
variation m depth accordmg to the positions of tho wells with reference to the vanons vil- 
lage tanks 

89 It has been noted that the snb-soiI water will practically stand at a slope of 1 m 
100, bat it must be remembered that this is when it has an outlet, even though the quantity 
discharged may be small , if no escape is possible and the supply is cut off, the surface must 
assume a much flatter slope in time 

40 Accepting tins theory of local sources of supply, wo ought to find a high surface 
level m sandy tracts indifferently supplied with the mota , and the Hasanpnr pargana of 
the Moradabad Distnctis a good example, as there the water level is found at 10 to 15 feet 
from the surface 

41 The nvers lokmg their nse from sprmgs near the hills and the Term streams carry 
off a fair shore of the ramfall which has been absorbed by the bills The nearer tracts may 
be partly fed by the bill rainfall, but it is diCBcnlt to imagmo the great length of the Doab 
to be supplied from such a source, it mdeed appears impossible, when we remember the way 
m which the Doab is cut up by deep streams often heading the dramage 

42 The Doab rainfall mnst, therefore, he credited with tho natural supply of sub-soil 
water above the mean level of streams, and an enqmry is much to be desired into the local 
sonrccs of supply, the amount of water held m suspension, and the curves which it 
assumes under different conditions 

43 The artifiaal supply is obtained mainly from canals, it is, however, local 
Permanent sections of the canal ate rapidly silt-lmed, which forms a good watertight 
medium, and great attention has for some years been given to fixing gradients which will 
avoid either crrosion or heavy deposits WTien percolation occurs, the distance 's limited 
by the abrupt slope which the water assumes, and tho amount by the fact that canals 
arc nsnally earned along tho watershed where the sub soil surface is highest, see Fig 8, 
Plate I and Plates V and YI 


* In tho Deoband IJoab tho snb*soil contonr is 5 feet higher in tho centre than the maximum flood 
Icrel in tho nrera on either tide, and higher np every Dodb the exeCT is much greater 
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44 The Agra Canal afTords n good OTatnplc of thiB action , tho water surface has been 
raised m a gradually decreasing amount ns tho dislanco from tho canal moreasesj and at an 
average distance of half a imlo the inQuonco is nnfclt. 

45 That tho influcnco of the canal m raising snb-soil level is small compared with 
rainfall is well shown by a section, Plate VI , prepared by Mr "W Willcocks, Executivo 
Engineer, in 1879, which was ayenr of cvccssivo rainfall, while 1877, also shown, was a year 
of drought, in wluch tho canal was constantly run with a full supply Tho section 
was taken along tho Meerut and Ghaziabnd road, which runs nearly parallel to tho canal 
and drainage lines, and is therefore no gnido, unfortunately, to tho transverse slope of tho 
sub-Eoil water surface 

4G Swamps aro formed by percolation from canals when the level of tho ground 
surface intercepts tho lino of water slope, and also when the slope is flattened by an mter- 
cepting bed of clay, in both instances puddling tho bed would bo a more efficient remedy 
than drainage, which increases tho quantity of tho water percolated, Ftg 9, Plate L 

47 Dronght, ns might bo expected, has a marked influence on tho snb-soil water level 
in tracts of extended well irrigation when there is no artificial supply 

In some parts of tho Muttra Distnct tho fall in water surface amounts to from 15 to 
1C feet dunng tho last five years, and it has injured a number of wells, asm some instances 
the water has fallen below tho mota 

Thero IS a possibility that tho marked and, as far as irrigation wells aro coneemed, 
destructive fall of water surface m tho Muttra Distnct, has been partially caused by over 
drainage in tho Aligarh Distnct A glanco at tho Map will show that the parts of tho 
Aligarh Distnct which have been most tflectually drained, were probably the local collect- 
ing areas which kept up the sub-soil surface in tho tracts now suSenng in Muttra, where 
there are comparatively few jhils, and tho fall occurred just about the penod at which 
tho drainage system was perfected 

A satisfactory explanation of this, and other interesting matters relatmg to the sub- 
soil supply, can only bo obtamod by carefully observed snb-soil water contours, and the 
subject of a completo Map of tho North-West and Oudh water levels has been brought to 
the notice of Col Forbes, tho Chief Engineer for Imgation, and has received his approval 
ns far as tho preliminary arrangements aro concerned 

48 Tho Assamies have repaired some wells in an ingcmons manner by underpinnmg 
the masonry with a wooden or a grass lining An mterestmg example of this is No 6618, 
villngo Bheema, pargnna Mahnban, Fig 10, Plate I 

Two-lift well, old Water surface has fallen 12 feet durmg last 5 years For 4 years 
the well was kept at work with a grass lining, last year a wooden lining was put in This 
well cost Es 400, and though built with lime, is now showing signs of givmg way The 
present supply is percolating through tho sides of wooden Iming or iotSi 

49 Tho following accounts of the abnormal permanent fall of sub-soil water level 
were supphed by Assamis in the field, and m all cases tho fall had caused injury to the 
wells — 


Distnct 

Pargnna. 

Tillage 

Pall in feet 

Aligarh, 

Hathras, 

Sasni, 

6 



Hathras, 

4 


Iglas, 

Iglas, 

6 to 8 

Muttra, 

Saadnbad, 

blunsin. 

6 

1 

Mahaban, 

Mirhouli, 

a few feet. 

1 


Eayn, 

Dharmangatpur, 

15 

Shahjabanpur, 

Pawame, 

5 

Dnao, 

IJnao, 

TTnao, 

a few feet 


50 In Bnndelkhnnd the Bub-Eoil IS not uniform as in the Dodb, the mota is unknown, 
and supply vanes greatly according to locahty, both in quantity and depth below the sur- 
&ce of tho ground 
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61 Tho soils of Bnndolklinnd nnd their charnctonstics aro well Imown , they consist ^ 
of “ mar, " “ kahnr, ” “ panra, ’’ nnd “ raknr ” Mar usually OTcrheslho parwa nnd rnkar, tho I 
oxpoEuro of the surface of which is supposed to bo tho result of denudation In tho moro 
northern tracts of Hnmirpur tho direct rainfall appears to he tho sonreo of tho snh-soil 
water supply, which has a bolter chance of filtering down than in tho Dodb, owing to tho 
undulating nature of tho country 

52 Tho ahsoneo of tho mota ovorlpng sand charged with water, deprives Haimr- 
pnr of tho ample supply generally obtainable in tho Dodb But there aro local spots where 
a very good supply is obtainable, nnd nearly all tho largo villages have a fair area of garden 
cultivation which is irrigated 

63 The depth to water surface is usually less on tho inhabited sites than in tho 
village “ bar,” or outlying cultivation, (^Fig 11, Plate IL,) and this is oxplamed by tho fact 
that the villages are always from choice placed on parwa soil Mar being considered feverish, 
and rakar bad for cultivation Denudation of mar, of which parwa is commonly tho result, 
would naturally take place first from tho highest points of the general surface of tho country, 
tho village will, therefore, usually bo on a relatively high pomt of tho sandy or water-bearing 
strata, and consequently near the water 

64 Although after the rams nnd during tho cold weather tho supply is fairly plenti- 
ful, yet in many places by the beginning of tho hot season it becomes much reduced, and wells 
frequently dry up This appears to be duo to the coarser nature of tho soil, which permits 
of purely percolation walls being used, imfepara 31, bnt tho water can also assume n much 
flatter slope to tho drainage on either side Deep wells would appear to bo tho only remedy, 
bnt tho pomt to which they should bo sunk must bo locally fixed, as the water falls below 
tho beds even of tho drainages in many instances 

65 In the southern parts of Hamirpnr rock wells aro common, tho overlying strata 
are soft and dry, and tho wells are sunk info tho soUd rock, tho water gradually increas- 
ing m quantity with the depth Tho supply is always precanous, and seems to be derived 
by percolation from fissures in tho apparently solid rock. 

5C Tho Btmdelkhand lakes aro cansed by obstructions placed across tho natural 
drainago outlets, where tho slope and conformation of the country is suitable for the for- 
mabon of reservoirs Direct imgation is practised from many of them, but is precarious, 
being dependent on tho previous rainfall Nor is it practised with that economy which the 
known limitation of the supply nnd the cost of artificially raising it should enforce 

The beds of those lakes aro porous, often owing to the proximity of the hills, much 
mixed with gravel, and the supply spreads freely through tho strata surronnding tho lake, 
and it IS hero wo find tho best well irrigation in BondelLhand Even when the lakes dry 
there often remoms hidden under tho surface a copious supply which is distributed by the 
cultirators on the most economical principles 

Owmg to tho short depths to water surface and tho coarse nature of the soil, wells 
can bo cheaply built, and tho cost of liftmg is smalk 

67 The question of entirely stopping direct irrigation from these lakes is certainly 
worthy of consideration The area capable of being irrigated would ceHatnhj be much 
increased from the enforced economy, nnd it is probable that tho sub-soil supply would out- 
last even two years of drought if the lakes were not reduced by directly drawing water from 
them 


68 Even small lakes scattered over the country would bo of the greatest benefit, 
nnd the capital saved by the omission of tho canals might be devoted to the assistance of 
the Zemindars in buildmg wells, on which a rate could be charged snfiBcient to cover the 
outlay 
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69 In tlio Distncls crammed, except m a few isolated instances, cattle nro only em- 
ployed on what nro called the " Kill ” and “ Lagor ” systems, m both of which the chumii, or 
leather bag, is drawn np filled with water by a strong ropo fastened to a wood or iron rmg, 
round which the edge of the chirrus is tied , the ropo is earned over n pulley fixed on a 
framework overhanging the well month, and the cattle travel np and down an earthen 
ramp, sloped at an angle varying from 6 to 20 degrees The chumts, or pur, ns it is often 
called, when emptied by a man slandmg at tho month of the well is ngam lowered down 
into tho water and refilled. 

GO When working Lagor there is only one ramp or slope, and when tho pur is 
emptied tho bullocks turn round and walk np tho slope with tho rope still attached to the 
yoke 

Cl Tho term Kili is denved from hi, a nail or peg of wood, and when cattle are 
worked m this system, as soon as tho|iiir is empty tho driver takes out the peg which fastens 
the ropo to tho yoke, and holding the end of tho ropo in his hands, allows tho weight of the 
pur to draw him up tho ramp A (see Fig 12, Plate II ) Tho bullocks walk up a second 
parallel ramp B, to a feeding trough 0, fixed near tho top of tho working ramp, and ns soon 
as tho^ur is ro-fillcd are ngam ready for work 

02 Tho advantages of Kill workmg over Lagor are that it docs not harass the bul- 
locks, it is easier on tho driver, and it enables a number of cattle to be used at the same 
time, thereby saving delay and expense Any one who has observed cattle worked Lagor 
will be well aware of tho irntntion caused by the jerks their nocks get when the empty 
pur IS thrown back into the well, nor do they get any food when workmg It is easier on 
the driver, as he gets pulled up tho ramp, and it saves time and expense, smee two to four 
pairs of cattle can bo employed at the same time, each pair waiting their turn When the 
cattle are well trained only one driver is necessary, as the food near the well attracts them 
The driver goes up tho ramp much guicker than cattle do, and therefore more work is done 
in tho time, one pair being always ready to lift In both systems the driver usually sits on 
the ropo gomg down 

68 Tho distnbution of the Kill and Lagor systems is shown m Plate VIII , it is 
Curious that it should be so local, but except on the boundones, the systems are absolutely 
un-mixed, and this tdthough the great advantages of Kill working are admitted by most 
cultivators who know it. 

64 The capacities of the various lifts are given m Table F , and it is interestmg to 
note tho difference m content Lagor lifts vary from 1 50 cubic feet m Hamiipnr to 5 70 
cubic feet in Farukhabad, and Kill from 2 70 m Bijnor to 7 65 in Muttra The latter weighs, 
filled with water, no less than 600 lbs , and regmres very powerful cattle 

65 At Kill wells the same cattle are employed throughout the workmg day, but at 
Lagor, when more than one pair is used, the change is made at noon, and it is rare to find 
more than two pairs used At Kili, however, three pairs are not uncommon, and for sugar 
cultivation four pairs ore often used , the reason of this is that the cattle are employed crush- 
mg sugarcane up to the last day to which the Assami’s can put off gettmg m their sugar, 
when all combme to water the area, which is never large compared with the rabi imgation 

66 Besides the mam divisions into Kill and Lagor, there are many mmor differences 
in the manner in which wells are worked, some of which have a considerable bearmg on 
the expenses 

In a smgle pur well with one pair of cattle three persons are employed — one dnvmg, 
one emptying the pur, and one m the field adjusting the depth of tho snpply and cleanng the 

o 
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wntor-courECS In cases trlicn an Assami's family trork rnth him, lus Tnfo empties tkopw 
and one of the children attends to the fields 

When In-o lifts in the same tvcil are nsed there is at once an economy, for it only rciinircs 
at most two persons more, and so oa for any nnmhcr of lifts added, as one man is quite suf- 
ficient to attend in the fields to more water than any well conld supply 

Hot Tanotts other economics can ho practised If the ramps are parallel and Iho 
pulleys on Iho same side of the well, ono man can empty two purs, or one man can drirc two 
pairs of cattle even nt Lagor, but these nnfortnnatcly cannot ho practised together, os there 
would bo a loss of time in emptying if the lifts came np together 

For two lifts on the same side a largo well is required, and wo therefore usually see this 
system employed in four par masonry or in good kneha wells 


The following table ehows tho number of persons Toqnircd to work diilorcnt classes of 
wells under tho best conditions — 


Ko ot Lifts. 

Obo pur 

Two pur 

Three pitr 

Fotrr pvr 

Six pur 

Eight pur 

Pdirs of cattle 
per pur 

1 

<1 ^ 

8 

4 

1 

-i 

[3 

j 

l| 

A 

3| 

1 

4 

1 

1 * 1 

! ^ 

4 

1 

2 

1 ® 

4 


0 ; 
“1 

3 j 

1 4 

Kill, 

8 

8 

8 

8 

5 

5 

i 

6j 

5 

7 

7 

7, 

7 

7 

1 1 

7 

i 

7 

10 

10 

10 

10 

13' 

13 

1 

IS 

13 

Lagor, 

8 

1 

8 

! 


6 

5\ 

i 

5 



7 

7 

! 


7 

p* 

/i 

J 


10 

10 

1 

1 



13 

IS 


1 


07 Tho economy of largo wells and Kill in ihts rtsptcl is manifest, for the eight pur 
well with four pairs to each pur should bo equal to 82 one pur wells, which would reqmro 
90 men, but as will be shown farther on when the number of pairs on ono pur is nndnly 
increased their efficiency is duninishcd 

08 Tho fittings of wdls arc very simple, they vary much, however, m different dis- 
tricts Tho two mam types aro shown m Fiy 13, Flale IL A is nsed mainly for kneha and 
B for masonry wells 

09. These fittings rarely cost any nclnnl cash Tho wood is generally the cnltivalor’s 
own, and tho mnkiDg and repair is included in his general contract with the village carpenter 
IVhat ho has really to pay for arc tho pnUcy, tho matenal for rope, which is itself homo 
made, and tho churrus or pur with its nng 

Tho cost of the fittings and IiAs for each well is given in Table A, colnmns 44, 47 , 
they ore of necessity in a few eases approximate, but as a mlo hove been placed ot tho 
lowest possible figure, and represent as nearly ns can bo actual outlay 

The cost of tho pulley and nng is mcludcd in capital, but thepur and rope arc renewed 
yearly m tally worked wells Tho cost vanes ns follows — 


Churrus or pur. 

Rs 

3 to Es 9 

according to 

size 

Ring for churrus, 

As 

2 to 

» 1-4 

)) 

to size and material 

Bopo „ 

71 

8 to 

» 2 

17 

length and qnahty 

Wheel „ 

Si 

2 to 

3 

J» 

qualify 


70 The value of the cattle employed vanes from Es. 10 to Its CO per head, and their 
qnahty has an important mSuence on the quantity of water drawn daily An average rate of 
8 annas per pair has been charged as the cost of feeding bullocks when workmg , this is less 
than tho actual cost m the case of large bullocks, and perhaps shghtly more than incurred 
for mfenor dasses But good buUocka will work more days m the month than bad ones, 
and some small expense for food is necessary even on idle days Ko addition to capital has 
been made to cover tbs pnrebase of cattle , it is certainly doubtful whether they are ever 
purchased directly for imgation, and the rate charged is mtended to cover not only the food, 
but also the mterest on share of ongmal purchase money and depreciation 
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Hamu Ubor Ud how cm* 
ployed 


71. Hnman labor is otnployod in fonrvraya for lifting watorm the dietncta examined— 

Isf — As cattle Lager— drawing witli a cTiurrus 

2nd — „ „ „ a ffurrah or earthen pot 

3rd— Tlio “ Dhcnkli ’’ 

dill— The "MU ” 


1.4501 With eRuirui 72 (1) is common in Lucknow, Hardm, Shahjahanpnr, 10 men bemg employed 

according to the depth of the well and tbo sizo of the lift As in cattle-worked wells, 
one man is in the field, one emptying tbo cJturrus, and two-tlurds of the balance pnlhng 
the rope, ono-tlurd resting 

I have never soon wells worked with more than one chumis in this manner, the content 
of tho lifts used is small, from 1 5 to 2 5 cnbic feet, bnt coolies work much faster and for a 
longer time during tho day than cattle 

Tho cost of fitlmg is smular to that for Lngor wells. 


I.agor with jttrra^ 73 (2) I havo only scon in tlnno, one to two men are used pnllmg on the rope, one 

emptying and one in tho field This method is employed either when cnltivators are very 
poor and cannot afford any more expensive arrangement, or when tho supply is scanty and 
at a distance of 20 feet or more from tho gronnd surface 

It is most expensive, tho cost of two persons in attendance bemg often incurred on one 
man drawing water Changes from one class of work to another are, however, frequently 
made, which somewhat inercases tho quantity of work done 


Tho cost for fitUngs is very small 

Dhenkhes 74 (3) Dhenkhes are well known, they are nmvereal in tbo East, and consist of a le- 

ver, tho short end of which is loaded so as to a little more than counterbalance the weight of 
tbo rope and empty earthen pot on tho long end Ono man is employed liftmg and empty- 
ing and one person in tho field, and they change work occasionally 

It will bo seen that tho man working the Dhcnkli has to pull slightly on the rope to 
lower the gurrah into tho well, bnt when raising he has to exert less force than the quantity 
of water lifted would require, and neglecting tho friction on tho axis, there is no loss due to 
dead weight if tho loadmg is properly adjusted When the supply admits of it, two Dhenklis 
in one well are common, and thus tho labor of one person is saved 10 to 15 Dhenklis are 
often seen in different wells closo together lifting into a common water-course , this nsnnlly 
occurs when a good local supply near the surface is nvoilablo, and it is a most economical 
system of irrigation. 

Tho cost for fittings is small — two uprights of wood or earth are used to support the 
axis of the lover, which is a 20 to 80 feet pole, the length varying with the depth of the well 
When such long poles are not obtamable m one piece two are joined Re 1 for first cost 
and 8 annas for repairs during tho season, will cover the expense of a single hft 

Tha BiU 76 (4) The Edti or charln {Fig 14, Plate If ) consists of a rope passmg over a 

hght pulley fixed m a framework over the well , the rope has an earthen pot attached to each 
end, and the man working pulls them alternately up and down As with tho Dhenkli there is 
no loss duo to dead weight hfted, and this class of hft is employed in similar oucumstances, 
but its range is much more limited The cost for a Edti is as follows — 



Pnlley, 

Ee 0-14-0, lasts 6 years. 


Dpnghts, 

}) 0- 2-0 „ ,, ,, 


Eope and gurrahs. 

. „ 0- 4-0 to 0-8-0, lasts 1 year 



Total „ 1- 8-0 


Dhankha and R4Ui when used, 76 Dhenklis and Efitifl are used ns a rule m cases where the sub-soil consists of pure 

and their economy sand, or strata such as only give a small and intermittent supply, and when the depth to 

water surface does not exceed 20 feet 

The wells m which they are used are nearly always tncha, and if lined, only with a mat 
or rope of grass, which just suffices to hold the sand back and to keep the cavity m the 
centre open enough to allow the small giirrah to be filled The quantity of water drawn is so 

c 2 
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T7ort done. 


The Bill most cctitioimcal. 


Acontmaons motion thomost 
economical for cattle. 


The chain pnmp 
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Enmll, that tho sarfaco c7cii jn pore sand percolation vrells is often not Ecnsibly lowered, bo 
that when tho Bob-soil Borfaco is met vnth, at say 10 feet from tho ground level, tho Dhcnkli 
contmnes drawmg water at from 11 to 12 feet during the day This influences in a marfecd 
degree tho nctnal cost of imgahon, and when timo is not an object, it appears difficnlt lo 
improve on tho DhcnUi in each a situation If tho supply is so bad that even tho slow 
abstraction by tho Dhonkli oidinnsls it, Ibo Assami is equal to tho occasion, for ho halves the 
expense by only employing one man at the well, who altcmately draws water for a short 
time, and then distnbntcs it by opening the compartments in the field, thus allowing time 
for the supply to accumulato in tho well 

77 In calculating tho cost of imgation, tho rates for the men employed have been 
entered in tho case of hired labor at those actually paid , these vary according to the situa- 
tion of tho Tillage with reference to largo towns, and from other causes, such as relationship, 
ago and class They have been obtained by carefnl enquiry In some cases cash payments 
are made, in others only food and clothes are given , the latter have been worked out at 
current rates Homo lohor his been charged at one anna per head per working day, deduct- 
ing one man from tho total number employed This represents the cost of food and 
clothes, and although it is possible for a roan to hvo on less, yet the labor is severe, and tho 
allowance can hardly bo considered cxcessiTe 

78 Table F shows the work done with tho different classes of lifts It wM bo seen 
that m tho case of cattle it increases in quantity with tho depth of tho well, or in other 
words with tho continuity of the labor It docs not vary with men, as they can turn quickly, 
and m tho case of catdo is reduced when the number of bullocks is unduly mcrcased. 

The gross work done by one man equals half ton lifted one foot in one mmntc for caltlo 
the amount vanes from a half to S tons per head according to quality of caltlo and depth 
to water 

70 Tho Riti 18 the most efficient and economical hft for all depths up 20 feet, but 
men unused to it do not like the labor, and the quantity lifted ts small, -and it is therefore 
unsuitable for thirsty tracts, nor is simple coolie lohor always available in quantity Cattle 
form tho staple labor of the country, and it is therefore with refcrenco to them that the 
question needs most cnqmry 

80 A contmuous motion givmg tho best results, tho natural conclusion is that tho 
cattle ehonld walk round the well, but to mako the motion continnons with tho ordinary 
intermitted hft, necessitates such a comphcalion of fittings and ropes, that tho gam is 
more than compensated for by tho mcrcased evpenso and loss of tuno m adjustments. 
Tho cham pump has now been brought to a high stale of efficiency at the Cawnporo farm, 
and it 18 to it that wo must look for the most economical distnbalions of water from wells 
m quantity 

81. A contmuous motion can bo given to the chain of the pump from tho bullocks 
walking round the well by simply lengthening and carrying it round a horizontal drum 
revolved directly by the bullock pole, the chain bemg guided by a pair of small wheels tan- 
gential to tho arcnmference of tho drum, Ftg 15, Plate II 

The whole arrangement would not cost more than Its 20 oVer tho first cost of 
the pnmp 

A pnmp and fittmgs complete fit for a pair of cattle could probably bo supplied from tho 
farm for Es 100, and the interest on this at G per cent, would not bo equal to the 
yearly charge meurred by Assamia for their lifts, nr , Rs S to Rs 12 

There is some uncertainty as to tho masnnnm speed at which cham pumps may 
be safely worked If it is fonnd desirable to mcrease the speed, the apparatus above des- 
cribed can be easily adapted by addmg a second dnvmg wheel, and takmg off tho power 
with a cham, see Fig IG, Plate II 



THE CONSTRUCTION OF WELLS. 


By ctdUvBhcm cdfantaECOU!. 


Taccavi odranccs. 


CostofEstablisIiment TviUbe 

hcary 


Indirect drergcs. 


ToUl cost 


Cost o£ dttings 


Estimate low 


82. The cost of tvellB trhen constructed by cultivators baa been given in Table A., and 
the great advanlngcs of borne construction by men, so much interested m the result, and so 
vroll acquainted uitb local facilities, need not bo further remarked on When I mentioned tho 
subject of Trcll construction to zemindars and cultivators, they always expressed a wish to 
do tho work themselves, provided tho necessary advance could bo had on simple terms 

83. Their dislike to tho present taccavi system must ho strongly founded when tho 
difference between tho Government rate of interest and that charged for Mahajan’s advances 
is considered , a cunous instanco of their dislike to taccavi on any terms occurred m Ahgarh, 
for though tho advance was offered without any interest to tho cultivators of tho land thrown 
out of canal imgalton in the Seconder Rao Tchsil, it was frequently, if not mvanably, 
refused Tho wells were built, however, and imgation earned on, and it is possible that 
tho absence of an advanco was not much felt, ns onllivators m canal villages are generally 
well off 


84 If wells aro bnilt by Government they will have to bear tho cost of tho supervis- 
ing establishment, which will bo heavy, ns tho work is necessarily a good deal scattered, 
and small isolatcd'works cost relatively more m this respect than large ones 

83 TIio following aro tho mdircct charges which will bo menrred in any extended 
scheme of well construction by Government agency — 


Establishment, 

Leave and Pension, 

Interest dunng con-l 
stmction. 


20 per cent on works, 

20 per cent, on 85 per 
cent of establishment, 

at 4 per cent 


} 


this 18 nccordmg to Govern- 
ment of India orders found- 
ed on experience 


86 Tho total of these amounts to 27 4 per cent, on works without consider- 
ing tho ease of wells, in tho construction of which exceptional difficulty is mot with , it may 
fairly be assumed that an ordinary well to the mota, mclndmg all contmgoncies, can be sunk 
complcto for Rs 86 5 per 100 cnbio foot of masonry 


Thin figure represents- 
Actual masonry, 

Smking, 

Earthwork, 

Curb, 

Contmgencics, .. 

87 This does not inclndo the cost of fittings, which it is presumed tho onltivator will 
supply himself In the Table of relative cost, these items are separately shown to allow of 
a comparison with the rates worked to by the people themselves 

88 The pnees fixed above have been kept down to the point at which it is only 
possible to do the work. They will reqmte tho most careful supervision to avoid excess) 
and allow nothmg for unexpected difficulties 


Rs 26 per 100 cubic feet 
26 per cent of cost of masonry 
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Tabt.?. I ^MaUve Cost of Wells tf constructed hy Government 



o 

COSBTBUCnOS 


Hate peb 

ACHE. 


Assitai.. 

U 

.3 

O 




o 

,es 











i 


llisoniy well 
on mots. 

u 

S 




s 

1 

.S 

S 




M 

O 

P« 

O 

•Rpmnrfa. 

- 

s 

3 

ci< 

o 

R 

m 

■2 

1 

Indirect. 

3 

o 

H 

a 

e 

e 

o 

S 

h 

C >» 

2 

It ^ 

1 

& 

s 

6 

IP 

3 

Lifts. 

TolnU 

C C3 

ers 

C*=5 

<; 

S' 

a 

3 

o 

E-t 



10 

117 

53 

150 

9-0 

110 

08 

sh 

81- 

83 

83 

08 

08 

16 

1 8 

r 

l-Xi/l icills — ' 


16 

146 

40 

186 

11'16 

10 75 

10 


44 




4 feet inside diameter 




48 

223 


10 5 

12_ 


’s|- 

93 


21 

j 1 foot thiotness of cylinder. 



175 

13 38 

• • 

09 

1 10 feet below water aurface 


25 

m 

56 

260 

15 6 

10 25 

15 

• 

• 4 

93 

09 

24 

L 



! 

234 

64 


17 88 

10 0 

1 8 

« 

lOj- 


1-0 

28 

f 


40 

292 



22 32 

90 

25 

• 

11/- 

11 3 

12 

37 

1 2-Ztft trelZs— 

J 6 5 feet inside diameter 



S51 

96 

447 

26 82 

85 

32 

. . 

• 

11 3 

1 4 

46 

] 1 foot thickness of cylmder 
[ 12 feet below water surface. 


1 


112 

522 

31 32 

80 

39 


12/- 

12 3 

1 6 

5 5 

1 

L 

S.Lift, . 

I 

169 

52 

241 

14 46 

22‘0 

06 

9/- 

16/- 

16 6 

08 

14 

8-It/J trells not economteat 


15 

232 

64 


17 76 

21 5 

08 

4 

• 

16 6 

08 

1 6 

{ 


20 

275 

75 



21 0 

1 0 

4 

18/- 

18 6 

09 

1 9 

j i-Ltfl tails— 

J 8 5 feet internal diameter 
j 1 5 feet thickness ofcylmder 
15 feet below water surface. 


25 

317 

87 


24 24 

20 5 

1 2 

4 • 

44 

18 6 

09 

21 




99 

459 

27 64 

20 0 

1 4 


20/- 


1 0 

24 

1 


40 

446 

122 

668 

34 08 

18 0 

1*9 

W 

4 

H 

1 1 

30 




532 

146 

68 


17 0 

24 


22/- 

22 6 

1 3 

37 


- 


6IR 

170 

788 

47 28 

16 0 

30 



22 6 

1 4 

44 



1C 

429 

117 

646 

32 76 

44 0 

07 

15|- 

32/- 

33 0 

0 S 

1 5 












33 0 

08 


Lifts Kill, ono unit each 


li 

514 

140 

654 

88 24 

43 0 




1 1 

The areas are deduced from 
Mntlra nnd Aligarh man- 




2 

m 

164 

7G4 

46 84 

42 0 

1 1 

# 

36/- 

37 0 

0-9 

2 0 

mnm-oreas which are the best 
sobstantiated 


2 

5 CSC 

18E 

874 

52 44 

41 0 

1 3 



37 0 

09 

22 

They are double the Lagor 
areas of Eoi BareiHj, which 



1 ' 











has the highest percentage 


3 

m 

2II 

H 


40 0 

1 5 


40/- 

41 0 

1 0 

25 

of irrigation in the Provinces, 
su Appendix lY 


4 

0 94: 

2GC 


72 1£ 

36 0 

2 0 



41 0 

1-2 

32 



5 

0 i,ii; 

B 


85 2 

34 0 

2 5 


44/- 

45 0 

1 3 

38 



C 

0 1,28.^ 

35C 

B 

98 0^ 

32 0 

30 

4 


45 0 

14 

44 





































( 15 ) 


4 lift wells tho best. 


fncreased depth of water. 


Cost of fittings. 

Cost of lifts. 
Interest charges. 

Dry brick wells 


The profit on expensive wdls 
donbtfnl. 


Bricks. 


Percolation into water- 
conises. 


Can be prevented. 


Coat of masonry chann els 


90 The nmformity of the resalts shown were somewhat unexpected, for there does 
not appear to be any great saving in one class over another, but as shown in the note on 
“ vanons methods of hftmg,” there is a great saving m the cost of drawing water when 2 
lifts are worked together at the came side of a well , the 4-hft wells are, therefore, the best 
ns far as regards the cost of dehvenng water from a well. The diameters given m the table 
are the minimum used for the number of lifts, and are only just large enough for full siaed 
purs , it would be an advantage to increase them slightly all round m practice 

91 The depths below water surface, i e , 10 feet for 1-lift to 16 feet for 4-lift are rela- 
tively increased, as an mcreased head is re(iuired to supply a number of hfts m the same well 

92 Gibe cost of fittings has been thrown on the cultivators , it would be far better for 
Government to menr tho increase of capital, and fix good stone upnghts and platforms on 
each well. This cost would be repaid by the stimulus given to early irrigation, as often at 
first combmations are difficult, and no one Assami will care to go to the expense of fittmg 
up a well, the benefits of which he will only partially enjoy 

93 The cost of the rope and chirms will of course fall on tho actual imgator 

94 Advances for productive Public "Works are now made by tho Government of India 
at 4 per cent , the interest on Capital has, therefore, been charged at 6 per cent , to allow for 
unforeseen charges, preliminary operations, settlement, &o 

95 Dry bnck wells have not been estimated, ns where they are built, knch a wells 
are nearly always possible, and the linmg is used merely ns a means of protecting them 
from the wash of the bucket, a matter which should be encouraged ns much as possible, but 
which scarcely calls for direct Government interference, ns the expense is usnnlly small 
Percolation dry bnck wells cannot be recommended "When the supply is near the surface 
the Dhenkli and Eiti are a much cheaper means of lifting water than a churms from n sur- 
face lowered to obtain the head which is regmred by the latter, and when the depth to snb- 
soil surface is great, it will be found that the mcrease m cost of hftmg due to a small and 
intermittent supply, will render them more a source of loss than profit to the Assami, and 
they fad utterly m very dry years unless earned to such a depth as to render their cost pro- 
hibitive 

96 Tho cost of a masonry well depends directly on the depth of the true mota, this 
may be great even though the sub-sod water surface is high , in such cases and in mstances 
when special means, such ns pipes, <S,c., are used, the Revenue officer alone can tell whether 
the transaction will be a paying one or not, and that withm wide limits, as the final result 
both as regards expenditure and success is always doubtful 

97 Tho best description of bnck to use for wells depends on the mortar, if this is 
good, large voussoirs may be employed for the cylinders, but when the quahty of the lime is 
doubtful, small country bncks are to be preferred, plenty of water should bo used, and a long 
time given to the work to set 

98 A matter mtimately connected with the construction of wells is tho loss duo to 
percolation from water courses Tins senously interferes with the success of large wells 
From Abstract Table 0 it appears that tho mean loss is about two cubic feet per foot run, dnr- 
mg a day of 9 hours, and that the loss of area vanes from 80 to 50 per cent per well for a 
water-course 500 feet long Some expenments recently made by Hr Beresford on tho 
Anupshahr Branch, Ganges Canal, showed out of a total supply of one cubic foot per second 
a loss of 0 5 cubic foot per second m a distance of I 5 miles, tho soil being sandy for one 
mile , this for a day of 9 hours = 20 cubic feet per foot run, and the results shown may, 
therefore, be assumed ns fairly correct 

99 This loss can bo entirely obviated if tho channels are lined with on impermeable 
matcnal, and if pipes or concrete are used tho cost will amount to about Rs 10 per 100 
rnnnmg feet 

100 Tho maximum annual area imgablo by a 4-lifl well at 30 feet to water surface is 
shown as 60 acres Tho best disposition of this areavnll, I think, be a parallel stnp with 
tho well in tho centre on elevated ground, and this is not an uncommon arrangement of 
area for largo wells, and suits the natural lie of tho country, as the channel will be on the 
watershed with tho imgablo area gently slopmg on both sides 
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The mdOi al (Ft^ 17, Flate IL'^ stcrald depend on the natnre of the eoH, hut if for thr 
i-hfc trell ire assnme it at 400 feet, tre find the length of permanent Trater-conrse leqmre^ 


■vnll be 


Stx4S$60 , 


A nie ol R*. 2 ptj tnr cecc- 
htt to coier co^ of ccnitm> 
t202. 


feet — SOO feet = S^OOO feet, Trluch at Es 10 per 100 = Bs 800, and eren 

assnming that it only sates one cubic foot per foot rtm, the amount spent iriH more than cotei 
the cost of construction of a itell capable of supplying 3,000 cubic feet per day, and entirely 
sate the cost of reJifling the actnal nrater It itonld, therefore, appear adtantageons to adoj 
permanent channels to all trells bailt by Gotemment The cost triD taiy from 50 per centJ 
of direct construction in the case of loir lifts, to 12 per cent, for a depth of 60 feet, or neatly, 
10 per cent, per foot of nse in water surface, and this will also tend to equalize the rate] 
per acre to he charged. 

101. Taking all contmgendes into consideration, a round rate of Es 2 per acre ofj 
annual ungabon appears to be the mean charge required to cover outlay 
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102 There are few vrclls to bo found in the Dodb from trhicli imgation is earned on 
under precisely similar circumstances Cliraato affects the nnmocr and depth of tho iratennga 
given, and there aro marked variations in tho characteristics of tho cultivators, cattle, 
wells and methods of lifting water 

103 Tlie ono advantage we possess in attempting an estimate of the cost is, that 
each individnal well or clnstcr of wells is a fixture in its own plot of land, the boundary of 
which can be determined with reference to surrounding wells, and tho maximum q^nantity of 
water whit.li can bo lifted in n day 

104 Every crop that is watered from a well bears a cost over a dry crop, the total 
of which 13 made up from three mam heads, vu — 

A Interest on capital 

B Annual charges 

0 Cost of lifting tho quantity of water required 

105 The word dry is intended to refer to crops raised in lands unprovided with 
wells, ns oven when owing to tho necessary quantity of mm having fallen, well lands are 
not watered, they have still to hear the yearly interest charges 

* 

A — Interest on Capital 

106 The capital invested is tho necessary cost of constmcliou of tho well with its 
fittings, and this vanes from Its 2 to Rs 1,000 with the class of well and advantages of 
the sitnation 

The cost and descnption of the different kinds of wells and fittings met with in tho 
Doab have been already given, and the detail of those examined will be fonnd m Table A., 
columns 44 and 45 It was impossible to ascertain with accuracy the cost of very old 
wells, and even in tho case of those recently bnilt, it is difficult to fix tho exact expenditnre, 
botli homo materials and labor are used, the construction is often spread over a long period, 
and few Zemindars keep accounts, but a fair idea can usually bo formed from a duo consi- 
deration of the difficnllies met with, tho facilities for obtaining matcnal, and the rclntivo cost 
of similar wells, the expenditure on which is known When no other means wore available 
the snm was fixed at about one-hnlf of what it would cost Government to build such a well 

In Table G tho interest at 5 per cent, of tho cost of the experimental wells is distri- 
buted on the area actually irrigated during the year — both rabi and Lharif In many 
instances there was no kharif imgalion, m others it was difficult to ascertain correctly 
"When such was the case one-half of tho rabi nas added for kbanf to mako up tho yearly 
irrigation, and tho incidence of the rate is shown on this area 

107 Tho rabi area is made np of crops which require a different quantity of water 
at vanons intervals, the maximum rabi area whuh can be watered, therefore, depends on 
the quantity of water raised and the crops grown 

108 Table D shows the periods of crop growth for tho districts examined It 
IS compiled from tho fnmino replies, and tho moan number of waterings and mtcrvals between 
waterings entered were collected from personal enquiry ' 

109 The intervals multiplied by the waterings do not always fit in exactly with tho 
length of time the crop is shown m the ground, but Ibis is only to be expected, as the water- 
ings shown are those required in years when tho cold wether rainfall is deficient, and tho 
intervals the maximum the crop will remain uninjured without water 

a 
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110 Tlio tvclls CTpcnmcnted on were, fl3 far ns could bo mannged, llio best an 
each Tillage visited, and the lino of country was cbosen so ns to bnng every class 
under cvamination, and Table B sliows tbo actual area imgalcd by crops per well, lift, and 
pair of cattle or man employed lifting water Tlic mean area and tbo percentages of crops 
for each distnct are sliown, and also over each crop area tbo actual statement of tbo 
Assami regarding the number of waterings required is given 

111 Table P shows tbo number of days required per pair of cattle or man nclmlly 
lifting water to irngato an aero at tbreo difibrcut depths of watenng, and by divisioni 
or addition, of tbcHO dcplbs, tbo number of days required for any given deptU can bo 
readily obtained 

112 Tlio mean depth of watering given in cncli distnct per crop is shown in Table B , 
and tbo same reduced by tbo loss from absorption m water-courses m Abstract Table 0 

113 TVo have, therefore, for each well, village. and distnct a close approximation to, 
if not actual 

Dcplb of watenng in feet, 

Pnmbcr of wnlcrings required, 

IVorking dnjs to tbo acre, 

Inlervnla between waterings. 

Percentage of crops grown and periods of growth, ^ 

and it is then a simple calcnlation to determine tbo mavimnm area which can be irngated of 
any Cved proportion, of crops, or of the pccccntago suitable to tbo distnct m which the well 
18 situated 

114 Table n shows a final resu’t for distncts Tlio figures for those in which thcro 
were a largo number of cvpcnmcnts are naturally most to bo depended on, an^ fortunately 
this occurs in the best irrigating districts 

115 Areforonco to tbo abstract of Table D will show that, rejecting carrots, potatoes 
and tobacco, and making duo nllownnco for ripening, the avornge time avmlablo for watering 
tlio rail may bo Cved at 180 days , but cveept m tbo case of wells on which a largo num- 
ber of cultivators per lift work jointlv, this period must bo considcnbly reduced Tho 
same cattle cannot bo worked more than 20 days m tbo montli at such severo labor without 
serious injury , indeed ibis is tho penod generally given by cultivators tbera'jolves os a 
maximum, nor will any except the best wells stand sncIi a constant strain It will bo safe 
however, to nssumc l.i0 worbing days ns available, as fow wells have less than two cultiiators 
working at them lyhcn potatoes, tobacco and carrots are grown this period is often ex- 
ceeded, but wells which toko 150 days to water Ibeir rabi crop area may bo considered as 
fully worked, and from Table G wo find that Ibo mean interest rate on cost of construction per 
acre on ^ of the maximum rabi area is Rs 4 for Muttra, wlicn tbo depUi to water surface 
IS great, in; , GO feet, and tbo wells ore nearly all masonry, and Bs 1 -8-0 Tor tho other 
distncts, with a mean depth to water surface of 80 feet and all classes of wells 

IIG Only ono fiftn of tbo wells examined attained their assumed maximum rabi area , 
tbo fignro cannot, therefore, have been fixed too low , many bad no klmnf irrigation, and in 
only two did it exceed tbO allowance made of half the rabi area, tho actual rate per aero m 
1881 83 must, therefore, m tho majonty of cases have been far above tlie fignres given 

117 Some wells have no rnbi area Kucha wells are dng ip both Bnndelkband and 
Eobilkhand solely for sugarcane imgation, which is often watered when other crops are grown 
dry 


118 A considerable difference of opinion exists ns to the total area which should bo 
allotted to oncli well, or rather to each unit (sec para 4) We find m Table H the mean 
yearly command for each distnct per nmt, bnt even m the most closely cnltivatcd tracts 
of the Doub there is fallow, or land not cultivated m either the kbarif or rabi of tho same 
year, so that, oven were tho whole cultivated area yearly irrigated, which it is not, wo 
could not got tho number of units required by dividmg tho total area by tho nmt area It 
Will be seen also (nde Table 0 ) thot there is a senous loss of water when taken a long 
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dislnnce, and cultivators are fully aware of this ,* yet tlio disconnection of the tracts of mota • 
and the mixture of good and bad land m many places necessitates either the isolation of 
the irrigation, or the carnage of the water for a long distance, in which case the availablo 
unit area would perhaps not bo worked np to 

119 With reference to the proportion of cultivated land which is yearly irrigated, I 
had hoped, but have not had time, to give some examples showing the allotment of 
irrigated and dry crops in corlaiii typo villages oser a series of years, it would bo found to 
bo cunonsly permanent Oocasionnlly Assamis hold land in two parts of the village, usually 
termed the “ liar ” and “ chain in the har they cultivate rain and dry crops,']' and round 
their wells those which they wish to water, and in highly irrigated villages this land is 
frequently double cropped, (a reference to Table A , column 11, will show that the double 
cropped area increases in a marked degree with the percentage of well irrigation,) addmg 
another to the many diEBcultiLS of the estimation 

120 Statistics showing the actual area commanded hy each nmt of irngotion might 
bo obtained by recording the fields irrigated from certain selected wells over a term of 
years, but the variations are so great in individual wells, that this would be necessary for a 
largo number of cases to obtain an average fignre Perhaps the best approximation is to 
be found hy dividing the number of units in highly irrigated villages mto the cultivated 
area It is necessary to select Milages which irrigate from no other source than wells, and 
from the Milages examined presenting the maximnm percentages, it is evident that there 
IS a considerable differenoo m the proportion wliicb the total area ever irrigated bears to 
the area actually irrigated in any one year by each nmt, as it vanes from 7 to 150 per cent 
of the year’s irrigation, even when the percentage of the total area of the ■nllago imgated 
IS large It is luflucnced mainly by the nature of the soil with reference to its powers of 
being double cropped, and the class of cultivator, and although for a general estimate wo 
may assume the proportion of cultivated area to be allotted to each nmt at double its power 
of yearly irrigation, yet it is evident that the exact allowance to be made should be carefully 
worked out from existing examples for every tract taken specially m band 

121 The above remarks will, it is hoped, convey an idea of the difiScnltv of corrootly 
estimating the gross cultivated area which should bo allotted to each well under the 
mixed ngnoullural conditions which exist m the Dodb 

122 This apportionment of area is only important so far ns it effects the mean rate 
to be borne by tlio gross ares commanded, and the correct distnbution of wells It must be 
remembered that the interest charge is yearly, and that therefore the area yearly watered 
has really to pay the whole interest, and this simplifies the calculation considerably For 
the double cropped a most cmbarrasing item of the gross area need not bo considered, the 
maximnm yearly command being independent of it, and the conslmction rate in consequence 
IS calculated on this area, and I think it will bo admitted correctly so 

123 Few except those who have enquired into the history of large heavily worked 

wells can bo aware of the comphcalod nature of the cultivator’s agreements and arrange- 
ments regarding them ' 

Tliero are two sets of four wells each m Hath Hamirpnr, from which no less than 
61 Kar-Iiis irrigate, every man having his particular number of liours or days of work 
laid down, which were fixed with reference to the share of cost of construction he or his 
forefathers paid, and so accurately have they estimated the area they can water, that the 
crops are uniformly good, althongh they consist of tobacco and opinm, both of which snfTer 
senously from any delay in watenng, and these are heavily worked wells with a maximum 
unit area — see Appendix VIII 

124 Again in Sitapnr, Aligarh, vide Appendix YII , there are two 8-lift wells 
working 28 and 82 head of cattle per well respectively On these all the cultivators work 
jomlly together, aud actually count the number of lifts made, so that each day’s wo-k may 
bo ahko Now every Assami on these wells Las a different area at varying distances, and 


•In detallmf: ibc time reqnlred to mater diftnnt fields they often state doable the period required for 
those near tiiu well, and give the distance as a reason. 

f The same crops arc often caltimtcd in one Trillngc both wet and dry Part wet to make a certainty 
of some return from the cattle available, and part dry in hope of ram 
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with crops Tcqninng diHcrcnt depths, srAtcnnjs ond inforvala Hott compljcatcd Ihcu 
accounts must be can be imagined, and many other instances conld bo pooled 

Cort o! tacliatrtlli. 125 Tlio rolnliTO cost of deep masonTT or dry bnck -srens compared iriti sbaliotr onci 

IS great , it is not so in tlio ease of those urhich arc kneha. Xho almost nniTcrsal rate fo 
excavation donn to the moU when iret sand is not met mtU is Its 1-4-0, whether the deptl 
bo 20 or GO feet, the earth taken ont js used for the ramp, and the explanation of the Cxet 
rate is simple, as even a CO feet well will not give sutBcicnt earth for a ramp A speem 
class of workmen arc paid 4 annas a day, each to cut Uie hole in the mota and prepare th( 
bottom of the well for the bncket Tins costs from Es 1 to 3, so that even a GO feet Lnehi 
well can bo built for Es 5 if no difiiuilfics are met with, and it may last 100 years ormon 
with no repairs hut a vcatly cleaning ont. 

When wet sand or anv stralnm which will not stand without support is met with abovi 
the mota, a lining has to bo added, winch costs an ludclinitc sum, varvrog from 8 annas h 
Es 10, and has iisnallv to be renewed yearly In these cases the well is short lived, nm 
in Table A interest is charged on the cost of constroclion, divided hy the average number o 
years wells last in that patlicnlor tract 


Cottof tnchawclh depenaent 120 E may bo seen, therefore, that the cost of l-uclia tccUs is inDuenccd dtrec'lj/ h, thi 

entab-tod. jjoiirri I'/ihe toil dfasonry irclts arc practically independent of the nature of the Rub-soil sc 

long as a mota exists , thev are sank nlher ca'ie- Uirongh wet sand than clav, and whea 
wcU hnilt require no other repairs than a yearly clcamug ont, their cost therefore depend; 
direclfy on their 3ep(h. 


Wood lined wells. 


Annaal charges. 


QOit of lifting wafer 


127 Wells lined with wood or ether scmi-pcrmancnt material arc considered a: 
kucha, and their cost calculated accordingly . 

The people conslan'lv build kneha occasionallv dry brick and wood lined, and vciy 
dotn masonrr wells, dircttly for irngslion, the rwson is obvious, as no crop conld bearj 
direct charge dno to a xerv deep masonry well, but happily -the resnlU of their rcligt] 
feelings hero tend to the proRpcnlv of the conntry 

B — The Annual CTiorjet 

123 These have been referred to before, and consist in — 

(1) Ecncwals or that proportion of the first cost of the well which itG 

necessary to charge yearly to provide for its necessary re coustmeUo^ 

(2) Tlie cost of the lift. 1 

(S) Ecpairs • 

These require no fnrthcr explanation. They varv with nearly every tlass of well, anc 
fair average rates for the mlcrcsl and annual charges combined will bo fonud m Table A! 
for each district 

0 — The cost of h/linj the quanlilp of tcaltr required 


120 This is n simple matter to detenmne, compared with toe interest charge, for on 
average namher of hour’s work in the day (which has been assumed at 2 for iho calcnlated 
Tables), a co-effiaent can bo fixed for any well with its cultivators and cattle 


The mean cost of lifting 100 cnhio feet of water from wells in the Doah is 0 454 of an 
anna,® and this has been detennined by measnnng tie quantity lifted dnnng the whole day 
from more than 150 wells distnlmtcd over a large area It vanes nalnralJy a good deal 
with different class of callivators, bullocks and wells The full details of expennients will 
he found in the Tabular Statcmenls, and it is certainlv remarkable to note how similar the 
resells are, within certain boundanes which are roughly dctincd by Iho various distnets, 
and this shows the great errors that may bo made by predicating any general principles 
from purely local enquiries 

loO The work done by any number of bullocks or men at a well is made up of fric- 
tional resistance overcome, water, and dead weight lifted, the resnlls of tlic day’s work is 

• Cattle Lager = 0-514 
Jltn „ =0 024 

CalUc Kik = 0 S30 


Men lUicnUi = 0 1S3, 
n lUa =; 0 ICj 



uAfnl work. 



Total work. \ 
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given for cacli well m Table E , friction having been neglected, for it is diEScnlt or impossible 
to estimate accurstelv, and the resistance duo to it is so much effected by the qnantity of^ 
lubricating material applied to the pulley, that its admission into the calcnlations might prove 
a Bonreo of scrions error 

From the work column in Table P it will bo seen that the percentage of — 

131 JJstful tcorl — decreases directly with the depth to water surface with cattle, 
increases directly with the capacity of the lift 

Is a mawimnm with Dhenklics and Kdtis, in which there is no loss but friction, and is 
not much effected by the depth in the case of coolie hfts, ns men turn quickly 

132 The totalicorh done per head * — Is a maximum with cattle worhmg Kih, 

No 4.92, where 8 0G4 foot tons per minute were lifted 

It IS a minimum with hired men working a Dhcnkh, ude No 501 

Decreases as the number of cattle on each lift are mcrcascd, (but cost also decreases ) 

Is practically identical for menworkmg Lngor, the actual figures for the five weUs ex- 
penmentod arc — 


No of men. 

Depth to 

Foot tons per head 


water surface. 

per minato. 

G 

31 

0 487 

G 

35 

0 488 

0 

80 

0 472 

8 

17 

0 440 

7 

88 

0 477 


Some of these men were hired, some homo labor, the agreement in rcsnltis ennous, and 
one ton lifted G inches high in one minute may be token as the maximum work a man 
can do at such labor 


The foot ton tho co-cfflcient 


133 Tlio foot ton per minute is the co-efficient of the well, and is a more convenient 
figure than the actual horse-power winch, however, can bo approximated by dividing it by 15 
The moan weights of the vanous sizes of lift used, Lngor and Kih, are as follow — 


Up to 2 cubic 

2 j, 8 ,, 

8 ,) 4 „ 

4 ,, 5 )) 

b )i G „ 

G » ^ 1) 


feet, 14 lbs T 


16 

20 

24 

28 

32 


” 

1 } 

V 

V - 


This IS inclnding the nng, which increases the 
proportional weight of the larger lifts, as it is then 
usually made of iron The following formula was 
used m workmg out the work done — 


H ht f lift X feet lifted x C2 83 + Ko of lifts ^wcightof lift -J— ^ 


JNa of cattlo or mun x i<o of minatca x 2210 




The height of lift taken is the maximum, as it is from that depth the water is drawn 
* over the greater part of a day’s work The result of the formula is not strictly accurate, 

hut very nearly so 

Depth of watennj 134 The depth of water given to the vanons crops is shown in Table E , it was obtain- 

ed by diTidmg the number of cubic feet lifted during the day into the area irrigated durmg 
the some penod, and ns far os its useful effect is concerned should he reduced by the loss 
from percolation consequent on the length of tho water-course 

Considenng the extended area over which the observations were made, and the vona- 
tion in climate and soil, the depths agree so far ns to show a marvellous knowledge of his 
bnsmess in tho Assami, who it could bo wished would display a similar caro when deahng 
with canal water 

135 With regard to soil, it is probable that tho rite of evaporation is the prmcipnl 
How Toned bj loiU factor that determines the quantity of water given As the depth of damp is greater in 


• Cattlo or men 
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Bond tljan in raafiror or duinar, so prcsnmaTilv the evaporation. is Blorrcr I failed, hoirevcr, to 
gather any substantial facts showing ihat any difference is made m tlio quantity given toy 
the ditfercnt soils hv the AsBOmi The amount is so much more vaned by the disturbing xr/. 
flnences of cost, depth of well^ distance of field, quality of cattle, climate, 4.C , <5Lc , thaV a 
rule mil mth great difficulty be discovered, and cattle or men bo of but local applicatioii 


TIio depth and number of wntenngs given in the Tables ore tboso for a rabi season of 
deficient rnmfall after a good tbanf, and 1881-82 was an emmently favorable year for 
observation 


Mtin depths 


Sabsidiaiy cnjpj. 
Depth of damp in soil. 


Deeo ploughing 


Dahor rates. 



Itct rates per crop 


ISG The following may he toLen ns a fait average of the depths given in feet — 


Crop 


First 

watenng' 

Aflcr 

watenngs. 

■Wheat, 


2500 

1800 

Barley, 


. ISGO 

18G0 

Tobacco, 


18G0 

1250 

Opium, 

• 

18C0 

1250 

Carrots, 


ISGO 

1250 

Potatoes, 


18C0 

1250 

„ iQ ndges, 


1250 

0930 

Gardens, 


•0930 

0930 

Sugar, 


, . 2500 

2500 


137, Snhsidiaty crops are nsnally given the watenng required by the major crop 

188 The depth of damp occasioned by a watenng appears to be more affected by the 
depth of plongbing than by the percolation power of the soil, except in very sandy tracts 

139 The advantages of deep ploughing as a water retaining measure is here patent, 
and this perhaps tends to cxplam why sandy sods have fewer waterings than those of 
a more clayey imtnro 

140 The labor rates charged have been already remarked on, they are as follows — 

f to cover share of purchase 
8 annns per pair, -J „ „ renewals 

in,, food while working 
actual rates paid varying from 2 annas td G pics 
one anna per dav, deducting one man from the total number 
employed dunng the day 

Bullocls — Tins rale can scarcely be reduced , it, however, senonslv inflnences the 
relative cost in dklnets woikiug bad cattle The cliarge for good bullocks should really 
be raised, but it would have caused much complication m the calculations 

Some Uxhor — A man can live onless than one anna a day, but the work is very heavy, 
parlicnlarlj coolies working Lngor 

141 The actual and mean rates are worked out m Tables G and H , and the following 

rates may be taken as representmg the net outlay incurred over the Doab , 


Bullocls, 

Coolie labor hmH, 
Labor home. 


Crop. 

its 

As. 1 

Crop 

Bs. 

As. 

Wheat, 

8 

0 

Carrots, 

10 

0 

Wheat and barley. 

7 

5 

Peas, 

2 

6 

Wheat and gram. 

7 

0 

Oafs, 

10 

0 

Barley, 

6 

0 

Opium, 

15 

0 

Bailey and gram, 

G 

0 

Tobacco, 

15* 

0 

Barley and peas, 

5 

0 

Potatoes, 

12 

5 

Safflower, 

4 

0 

Garden, 

12 

0 

Safflower and carrots, 
Gram, 

. 6 

2 

0 

5 

Sugar-cane, 

12 

0 


The above rates only cover cost of food for labor 


CsIraUtioiH for Dhenkh and 142 From the calculated rales it appears Ihat the KSli is the most economical, and 

P*” coohe Lagor tho dearest method of nuaug water, but it is necessary to note that m a single 



Unto lower than lho«a cal* 
enkted by Major Entinc 


Companson with canal rates. 


Hale for ealenktlng mean 
rate of watering 

4 
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Kati or DlicnUi two persons arc employed, and that owing to the principle of csclading ono ^ 
person on each well from the calculations of cost, only ono person per day is charged, 
and at ono anna, ns Dhenkk and Ilatis are almost nnivorsally worked by home labor. If 
howorcr the cost of lifting by these methods is even doubled, it will still bo cheaper than 
any oth'-r system for the same depth, bnt it is very slow, and when the number 
of lifts IS increased the area of land taken up is considerable, and if cultnrnblo its Tnluomnst 
bo added Tlio loss from percolation, also duo to several small water-courses, would 
be greater than in the case of a churns well 

143 Tlicso rates aro considerably below that arrived at by Major Erslnne, tho 
Secretary to Government, Oiidli Itcvcnno Department, in office memo No 2262, dated ICtU 
August, 1831 , and the diHcrcnco is dno to tho assumption of lower labor rates, the mow 
known rcdnclion in quantity of water used for secondary irrigation, and also tho marked 
vannlion in quantity which different crops aro given 

144 That theso rates represent outlay similar to the actual cash paid for canal water 
there can bo little doubt, and the comparison of rates is lustructivc, vtdc Appendix XII 

146 The total charge for tcell imgation per acre — Tlio actual total charge for each 
crop cultivated during tho rabi on every well experimented on is shown in Table Q , and in 
the Abstract the mean rates for each distnct , these rates arc at their lowest point, when 
160 or moro days arc required to irrigate tho rabi area, and therefore m consulting the 
record for fair rates such examples should bo examined 

There is no difficulty in working out from tho tables the maximum rabi area for any 
rVcll for which tho crops to be grown and the quantity of water which can be lifted each doy 
arc known 

It will be seen from Table B that, excluding tho northern distnets, a larger variety and 
higher class of crops are irrigated m good Kill than in Lagor tracts, and the extent of rabi 
area will bo modified accordingly 

14C Taking the percentages of crops given in Table B and the mean work from Table 
P , tho mean rates for each class and lift can be obtained bv mnlliplpng the percentages of 
crops by the number of days required to water an acre of each, and dividing tho total by 100, 
we thus gel tho number of days required to water an acre of the average crop, and this figure 
divided into 130 days will give the rabi command By adding 50 per cent wo have tho 
maximum area which can bo yearly irrigated m tho khnnf and rabi, and tho following 
Table gi\ es the figures for the different distnets and classes, and also the cost at cnltivator’s 
rates for a suitable well, when the mota can easily be reached It is evident that highly im- 
gated crops should pay a larger share of the total rate, but for general purposes it may be 
equally dinded. 
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Table K — Maximum area whch can be yearly imyaltd and Interest Bate 


District. 

Class. 

1 

Labor ] 

1 

i 

u 

« 

S 

u 

*i 

t 

S 

c. 

u 

P 

JiAxnnm akea. 
PEE trax 

i 

”3 

J: 

u 

o 

cu 

•9 

*c 

s 

O 

o 

'o 

tc 

ti 

s 

>• 1 
< 

Capitai, Co>?t 

A-rauAi 

- 

1 

1 

; "5 ^ 
1 K 

1 

1 

o 

H 


oc 

t£ 

s 

*5 

o 

E-< 

Interest at G per 
cent 

ii 

>4 

1 

4 

W 

C3 

0 

(A. 

0 

c 

K 

Hemarks, 

Cawnporc, 

Lngor 

Cattle 

47 

5 0 

25 

! 

1 75 

o 

15 

285 

51- 

290 

14 5 

^,14/- 

28 5 

1 s 

• All crops. 

Hamupur, 

91 

)) 

40 

4 2 

2 I 

' 63 

2 

12 6 

250 

61- 

25C 

12 a 


25 8 

20 

1 

Pomlhabad, 

9> 

17 

47 5 



90 

1 

00 

220 

31- 

223 


^81- 

19 2 

2 1 


Mampnii, 

19 

37 

20 

7 5 

3 75 

11 25 

1 2 

22 5 : 

1 

150 

c;- 

156 

7 8171- 

24 8 

J I 


Etab, 

3J 

71 

178 

53 

2 65 

7 95 

2 

15 9 

140 

6/- 

I4C 

73 

ic/- 

23 3 

15 

1 

n 

ShahjaLanpnr, 

}) 

11 

34 5 

71 

3 55 


1 

10 65 

170 

3/-I 

173 

S 7 

|81- 

177 

1 7 

i> 

Lnctnoir, 

1) 

31 

31 

33 

1 65 

4 95 

2 

1 99 

200 

5/- 

205 

10 3 

r 

173 

1 7 

It 

Hardni, 

JJ 

11 

30 

34 

1 6 

5 0 

S 

15 0 

220 

1 

6/- 

22G 

11 3 

1 'f- 

18 3 

' 12 

fi 

Bflbanmpttr, 

}I 

17 

23 

36 

1 8 

5 40 

1 

54 

130 

3/- 

I 3 J 

6 7 

Cl- 

12 7 

2 3 

Garilcn. 

Shaljahanpar, 

3t 

Men 

31 

32 

1 0 

4 8 

3 

14 4 

150 

3/- 

153 

7 7 

51- 

12 7 

00 

All crops. 

Luctnotr, 

3i 

JJ 

27 3 

3 7 

1 8 

55 

3 

16 5 

140 

3/- 

' 143 

72 

51- 

122 

0 7 

n 

Hardai, 

Jl 

11 

38 

3 2 


48 

3 

14 4 

200 

1 3|- 

200 

1 

10 2 

51- 

15 2 

1 0 

” * 

Aligarh, 

Kill 

Cattle 

23 

7 0 

3 5 

10 5 

3 

31 5 

240 

V- 

247 

124 

•201- 

00 4 

0 7 

It 

Mullro, 


31 

Cl 

5 5 

2 75 

S 25 

1 

o 

165 

‘ 360 

Cl- 

3GC| 

15 3 

15/- 

333 

2 0 

» 

Llnb, 

1 

>9 

11 

22 

8 3 

1 

'4 15 

1245 

2 

j24 0 

ICO 

c/- 

igg| 

8 3 

il8/- 

2G 3 

1 0 

Onlr tTvo cxc 

Bnlandshahr, 

ff 

■ 77 

24 

i Gil 

1 

is 1 


3 

,27 6 

220 

7/" 

227, 

11 4 

20/- 

31 4 

1 1 

All crops 

ilccmt, 

Jl 

i 

2G 1 

, 7 0. 

135 


3 

31 5 

230 

t 

I 

237 

11 9 

20/- 

31 9 

1 0 

0 

ilazaffamngar, ^ 

11 

11 

18 6 


2 5 

7 5 

4 

30 0 

230 

31- 

1 

233 

! 

11 7 

10/- 

21 7 

07 

f Only one e 
( ample 
/CoIrDlatfd »-wh 

Bijnor, 

i 

71 

11 

16 

3 7; 

1 85 

1 

5 55 

4 

22 2 

200 

31- 

203 

1 

10 2 

81- 

19 2 

00 

1 pet < 

^ttcrlnc OEd| 
(JcaiOpcrtxnt. 

Sloradabad, 

71 

11 

19 

C 5 

3 25 

9 75 

2 : 

195 

; 140 

1 

Cl- 

145 

73 

9/- 

1C3 

0 9 

AU crops. 

Bareilly, 

71 

If 

38 

3 7 

1 85 

5 55 

1 

5 55 

ISO 

3f- 

183* 

I 

92 

|61- 

17 2 

3 0 

W 

SbaLjibanpnrj 



CO 

1 0 

0 5 

1 5 

1 

1 5 

3 0 

ir 

4 0 

1 

0 2 

i 11- 

1 2 

08 

Gnrdcn kocl 
srclls. 

ramlbabad, 



IG 

1 4 

07 

21 

1 

1 

2 1 

GO 

1/- 


0 4 

11- 

1 4 

07 

n 

Bijtior, 

R 


21 


0 45 

I 3o 

1 

1 35 

3 0 


1 

02 

1/- 

1 2 

09 

r» 

Sloradabad, . 


S 

133 

IS 

09 

27 

1 

27 

2oj 

11- 

i 

0 2 

11- 

1 2 

05 

It 

Bareilly, 

s 


D 

m 

ID 

SO 

1 

1 

30 1 

2 0| 

1/- 

1 30 

02 

11- 

1 2 

0 4 

y> 

Ilardni, 



10 

4 0 

( 20 

60 

1 

CO 

4 0 

1/- 

1 

£ 0 

0 S 

1/- 

1 3 

02 

« 


The /Igurcj in colnmn " maiimoia orea per uiul rabi" tLculU Lc conlrcstcd Tith the mean results at ecd of Xaf 
Ih— irhirh ahuTf actuals 
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Coat of imgatlon for atondard 
crops 


Valna of produce. 


Opium. 




Table K. shows also the incidence of the annual charges per acre, hut it is evident that 
these figures ore the very' lowest that can possibly be worked to under the most favorable 
conditions 

> 

147 For purposes of companson the total cost of irngating one acre each of wheat, 
opium, and sugar are given below 


Table L 




"Wheat 


Opium 

SUOAS. 

Diatnct, 

W 

Lngor 

Men 

32 

g 

a 

*«* 

a 

Klli. 

Lngor 

a 

c> 

g 

a 

o 

p 

•« 

a 

s 

Lngor 

Men. 

M 

C 

o 

*£3 

P 

*« 

P 

Cawnpore, 

1 

11 9 

1 


\ 

1 


14 9 









Hamirpur, 


10 2 





14 7 

1 





16 0 




Farukhabad, 


126 


46 



16 4 


68 







Mampun, 


8 1 





158 





12 3 




Etah, 

75 

12 8 




11 5 

19 4 

1 



90 

16 6 




Aligarh, 

7 6 





16 7 










Muttra, 

10 7 




1 











Bulandshahr, 

90 






1 




11 1 





Meerut, 

80 







1 

1 



14 4 





Muzatfarna- 

gar, 

8 1 










122 





t3aharanpar, 

Bijnor, 






16 3 





97 



69 


Moradahad, 

3 5 



1 5 







93 



45 


Bareilly, 

00 




2 1 











Shahjahanpnr, 


3 7 

4 0 

2 0 

19 







5 7 

7 1 

40 

28 

Lucknow, 

1 

17 1 

77 



1 

21 8 

9 7 




27 0 

108 



Hardoi, 

i 


8 0 

23 

2 7 



11 1 

3 5 

4 1 



20 0 

77 

!! 



to 
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148 Great diEBcnlty has always been found m estimating the gross produce of an aero 
of any crop, and even when found, it is sometimes impossible to fir tbo value accurately 
The subsidiary crops often gireuiorc profit than is generally thought, and indeed it is hard 
to understand how the Assami in some districts continues to farm unless the gross outturn 
is much greater than existing statistics lead ns to suppose 

149 Tlie Opium Department Administration Eeport of 1880-81 gives the average 
prodnee per hoegah for 1880-81 at 4 seers 3^ cbittacks, this wpials C <5 seers per acre, 
and at the value given, i e , Es 6 per seer, equals Es S3-12-0 per acre, and the minor pro- 
fits will probably bring this up to Es 85 Deducting tbo greatest charge for watering 
this, leaves Es 20 to cover rent and cultivation 

150 Mr W CrooLe, C S, the Manager of the Court of "Ward’s Estate, gives the 
following as the outturn of wheal in 1880*81 from an actual erperunent, 

E 
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■Wheat. 

Total 

area 

EOTvn. 

Total 

yield. 

m 

ch. 

Produce 
per acre 

nu B, cIl 

Reaerts. 

Danal gram, 

7 64 

120 

19 

0 

15 

31 

0 

Well onttnrn best, but crop Muzaffar- 



178 

m 

0 

28 

16 

0 

nagar white wheat showed a stronger 

Wells gram. 

6 25 

111 

32 

8 

17 

88 

0 

tendency to revert to the local type 

„ bhnSa, . . 

1 

164 

1 

0 


1 

0 

with well than with canal water 


The value of this produce is probably not under Es 26, rrhich leaves a maigm of 
nearly Es 20 as in the case of opium 

161 The value of the sugar crop vanes greatly according to the class of cnlfava- 
tion. In Luchnow and Hardui the crops crammed were fine eating cane, which, explains 
the high cost of imgahon, and at the average rate from even moderate crops, there will 
temam a large margm to cover cultivation and profit, vide Shahjahanpnr Settlement Keport, 
see II, para 37 









EXTENSION OF WELL IRRIGATION 


A rate of lU 2 nccmnryto 
corerintirest oa conttraction. 


The calenlalcfl area a jrual- 
tniun. 


PercoIaHoa WclU cosUj to 
Irrigate froai. 


CawnpoTO wella. 


Jforadabad irells. 


Intereattog as n soienHfic es 
ptriiseDt. 


1&2 From tlio cnlcalntionB svliich linto been mndo of the cost of irrigation from tvclls, 
tbo result arrired at has been tbnt n rate of Rs 2 must bo charged on Uio maximtim area 
irngablo in the year, to cover llio cxpcnditnro on constmclion under the most favorable con- 
dilionB, and that the cost of the food consumed by Ibo labor employed to fully vratcr any 
crop trill amount to about 30 per cent of its gross value 

IfiT The maximum area ns calcnlntcd is certainly 100 per cent over the average nf« ' 
rived at in practice , this is evident from the areas shotvn in column 35,* Table A, and from 
the figures kindly collected for mo by Mr A Harrington, 0 S , ude Appendix lY , trhere the 
average of Tj/IG lifts gives 3 acres ns the menu area irrigated in the rabi, and 5 acres ns the 
maximum area irrigable in thoycar Tlio actual area imgnted in the year being only 8 21 
acres, and this in Itai Bareilly, tvliero the mots is plentiful and taccavi advances have been 
frcclj taken It is evident tbnt tlicrc is no room for expansion in tbeso figures Well, unliko 
canal irngation, is not clastic In famine years the possible area from rrclls is redneed by the 
rvcalTic=3 of tlic cattle and men, the increased depth and number of waterings required, and 
the diminution of tbo supply, wliilo canals being snow-fed, tbo supply is increased by drought, 
and the area by the greater caro taken with distribution, we have nothing tbereforo to hopo 
for from an increase in area, and it is clear that purely hired labor cannot bo extensively 
employed, for not only would the cost of irrigation be enormously increased, but the daily 
work done would be reduced 

104 Percolation or wells with a bad supply are not only in general more costly to 
constmet, but much more expensive to imgato from than mota wells All the cnlcnlationa 
of work have been mado on the assumption of a good supply being nvailablo, the qualifying 
factor being the power of the men and catUo If, however, they have to stop constantly to 
allow tho supply to accamulato m tbo well, the amount of work they can do in the day will 
bo lessened 

Well construction by Government cannot, I think, be snccossful in tracts in which there 
are either too great or too few facilities for imgation, and unfortunately tbo districts first 
selected for expenment sufler doubly on these accounts 

155 In Ghatampur, Cawnporo Distnct, tbo depth to water surface is GO feet, 
this limits irrigation to tho most favorahlo soils and crops, and increases greatly the charge 
per acre duo to constmclion, and close to the wells which have been built, costing about Es 
250 each , good kueba woUs, costmg Jts 16, and giving an equal supply, are not impossible. 

15C In Moradabad exactly opposite conditions prevail — water is 10 feet from tho 
surface, and the mota, though not unknown, is very scarce, owmg to the climate , however 
irrigation, though desirable m ordmary years, is only absolutely necessary for a few crops, 
and a limited number of watenngs is given It has been shown that tho cost of irrigation 
by Dhenkli and Efitis from a depth of 10 feet is much cheaper than by cattle from a depth 
of 20 or 80 feet, and it appears quite certam that the wells now being built, except when 
on tho mota, will not give a sufficient supply for chwrua working until the water surface 
has been reduced to 25 feet to give the necessary head Tho yearly command of area in 
jbloradabad may certainly be fairly fixed at a higher figure than m Cnwnpore, ns a less 
number of watenngs is necessary, but the cost of the wells is also greater, and the charge 
for an annual Dhenkli well is insignificant Both classes wiil suffer in drought, the ma- 
sonry well probably the most, ns it will give no supply at all if the snb-soil surface falls 
considerably, while Dheaklis and Efitis can bo worked up to 26 feet "Wo must, therefore, 
look with diffidence for favorable financial results from these expenments 

157 The Moradabad wells are most interesting m an Engmeenng sense, for except 


* Colnmii 86 Blows tho area in acres per lift, and In many instance* two three mnta or pairs of cattle 
are need per lift j this is noted in thc-colomn of Eemorks ^ ' 
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m the few instances when a clay or fcnafcnr lajer has been met nth, the cjlmScrc rest cn 
pnre sand, from which, ashefo-^ noted, it is impossible to directly draw water withoat iinnqr 
to the well "Wood end iron pipes from 5 inches to 8 incnes diameter hare been stmt to 
depths varying from 10 to SO feet below the bottom of the wells, but except in one or two 
instances without meeting with any mola. 

Three mam eipenments here been made — 

le* — With the pipe head resting in sand, the well having no bottom Depth of 
water = 20 feel, 

I 

2nd — With the pipe head resting in ballast, forming a permeable bottom loth 
well, which admitted of supply both from the area of the bottom oldie 
well and from the p.pe. Depth of water = 1C feet 

3rd. — With the pipe head embedded in concrete, forming an imp-ermeahle bot- 
tom to tbe well, all the supply had to come throngh a ppa 5 inches 
internal diameter Depth of watc-= 16 feet 

The first expenroent was made on a nnmhcr of wells, and resulted in a rap d exhans- 
tion of the water, the sand rising several feet into the wells cansmg the cylinders to *rnV. 

The second experiment gave similar resnlts. 

The third experiment was carried ont on tbe Chat Dhntowxie a 2-lift welL On the first 
two days water snfScient fo- one lift was obtained witbont Injary to the well, bet not until “ 
the surface had been reduced abonl 12 feet On the tLird and following days, when work was 

stopped and the water was allowed to nse in the well, a sand discharge took place from the 
pipe, which had remained dear dnnng the day * Foil reports on this exptiimml bare cot 
yet been received, and it may be possible to form a pocket of ballast at the bot'om of the 
pipe which would stop the sand draw, bnt a largely increased supply cannot be anticipated 

Appendix TX. gives the progress of the wells under direct cocstrnclwn by GoveTunent 
up to the 11th May, 1SS2 

The eipenmenls might judiaonsly have been confined to one or two wells until the 
possibility of construction in mch a position had been demonstrated 

153 Great care must, therefore, be exercised in tbe selection of smtable sries, and 
all natnnil advantages secured, and this I fear will senonsly preindice the chances of the 
snccess of any large project Well imgat on has been practised for sneh a long period, that 
the people hare alrendv extended imgation to veix near the natural limits of " available 
labor,” “necessity for water,” and “ the power of obtaimng it cheaply ” A carefnls^udy of 
the statistics in Table A. will show that the percentage of the cultivated area irrigated m 
tracts of equal demand, verv fairlv corresponds with tbe opportunities of obtaining the 
supply, and I fear all that we can do with a prosp^t of finanasl snccess is to fill np the 
gaps that remain, and above all attend to the repairs of easting, though injured, we2s, 
which very often only need the necessary tools, advice and a. small advance 

159 Excepting Muttra, where there are strong indications of exhaustion of the sub- 
soil supply, the best well itngahon occurs cnnoosly enough m canal districts and I thmfc 
the explanation is to be found in the increased prospentv oFthe people whicn enables them 
to keep better cattle, end the tracts in which the sub-soil water level has been raised by 
percolation from the canal offer the greatest advantages for Well eitenwon, I have not as 
yet been able to get the agncnitnral stabstics of the villages m the Aligarh District 
recently debarred from canal irngation, bnt I am confident it will be found that they have 
even now, very neariy as large a percentage of imgaboa from wells, both new and old, 
as they had formerly from the canal, and this without advanfces f 

160 There are many advantages gained by selecting such tracts for wells , the water 
IS near the surface, money and cattle plentiful, the best-possible drainage system ts adopted, 
and the canal supply can be utilized m places where it is more needed. 


* This mult J* tctt curious, 
i Since rceelTcd, vie Appendix n. 
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IGl The Balnndsliahr Distnot also offers facilities for extension of irell imgation, 
particularly in those parts of pnrgnnas Ahnr, Sliitnrpnr, Sahann and Annpshnhr, to which 
the canal docs not reach , the niota is scattered, but suitable positions for wells will be found 
in most Tillages , there is plenty of good dumat soil, the best for the purpose, and the emst~ 
ing irrigation is high class Mr S Growse, 0 S , the Collector, kindly obtained the statis- 
tics of the worst Tillages for mo , they are too Toliiminous to be put up with this Eeport, 
but will bo forwarded to the Director of Agriciiltnro separately 

162 Direct Government agency being deprecated, the arrangements for advance and 
recovery of the interest become matters of great importance Zemindars do not core to 
take advances, oven if anxious to improve their estates, for they, like Govommont, are not 
certain of financial success unless they are self-cultivating, and advances cannot bo made 
to individual tenants ^or want of security 

163 But we find few wells worked by a single cultivator , a community is more stable 
than an mdindnal, and if joint agreements, fixing shares, Ac , between the Zemindar on the 
one hand and the cultivators interested on the other, wore arranged by the advancing 
officer, the Zemindars in most cases would give the required security, particularly if the 
interest were not payable as such, but ns a fixed charge per acre on the land benefited, 
the advance being regarded ns what it truly is, inz , sunk m the ground for its permanent 
benefit 

164 The water of certain wells is bitter, called Lhara^ which is caused most probably 
by solution of salts in the soil, ns such wells are only found in cortam locahties, notably 
Muttra The water of these wells is said to bo good for the mbi, if rain also falls, but not 
alone, not good for indigo or cotton, but it is always preferred for tobacco 

165 With reference to canals, attention may be drawn to the great importance of 
Kyanes, the compartments into which the field is divided, and oh which the whole system 
of distribution depends The quantity of water used for imgation per aero by canals is 
three times as great ns by wells, and a strict adherence to Kyanes should result in an enor- 
mous extension of area 

166 Another point of consideration is the power canal water possesses of bringing 
culturable land into cultivation, very poor land will often not repay the cost of well water, 
but the charge is so low, that when canal water is newly introduced into a village it has a 
strong tendency to lower the percentage of enltnrable area, if properly distributed, vide 

• Appendix YL 

167 A general account of the villages visited is given m Appendix X. 

1 168 In conelnsion, I trust that the imperfections and length of this Report will be 
forgotten m the interest which attaches to the subject. I may add that the letterpress is 
chiefly explanatory of the Tabular Statements, (which should be studied as contaming a 
careful abstract of all the mformation collected,) and is no mdex of the labor bestowed on 
their preparation 


Naini Tal, 
14fft Avgust, 1882 


J CLIBBORN, Capt , B S C , 
Executive Engineer 
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AWA ESTATE. 


Two parts of the Awa CsUte — both in tlio Etnh District — haro boon selected by Mr 
Crooko for the pnrposc of commencing a syslematie tchemo of well construction One is 
part of the Jaithra Circle, situated in tlie Aramnngnr Pargann between the KAli Nadi 
and the Bnrhgangn The other is the KhwAjapnr Circle, in the Jnlesnr Pnrgana between 
the Domana and Sirsa Nadis Tlio conditions of well constrnction in the two tracts being 
rtrj diflercnl, I propose to discnss them separately nndertho following heads — 

1 Description of the wells now used 

2 Tlic nrca irrigable from n well 

3 The cost of irrigation 

4 The conslraclion of masonry wells 

5 Tlie cost of masonry well' 

C Report of work done and in progress 


JAITHRA CIRCLE 

I DESCRIPTION or THE WELLS NOW USED 

2. Two Plates are attached showing the villages in the Jaithra Circle in which wells 
are being made. Plate No I , which is compiled partly from the Aliganj Tahsil Map and 
partly from n tracing kindly supplied by Major J 0 Ross, R.E., sliows the position of 
the Tillages with respect to tbo Fntcbgarh Branch of the Lower Ganges Canal and tbo 
Canal Distributaries 

A drainage line passes from the villngo Pachhenda Pahurpnr to the north of Dhdmn, 
through Jaithra and Khiria Lngar Sahai to Targawan, and llicnco vtd Jnmlapur into the 
Kilh Nadi The country between the drainage lino and the KAli Nadi is partially irrigated 
by a system of distnbulancs of the Fatehgarh Branch of the Lower Ganges Canal 

The tract between the Targawan drainage lino and the Fatehgarh Branch is not to be 
imgated from the canal at present, bat it is probable that the land between the canal and 
the large dhAk jangle will be ulliraatoly imgated Thronghont this tract tbo drainage 
depressions are very marked, but during the rams the drainage lines consist of a senes of 
jhils separated by necks of higher land Dnnng heavy ram tho water flows along the 
drainage lines from one depression to another, but after a few days tho flow ceases and the 
jhils remain fall Tho soil is generally bhur or light dumal The surface of tho ground is 
nneven, and the ram water collects in numerous small hollows 

Owing to these circumstances a largo proportion of tho rainfall smks into tho ground, 
and at the end of tho rams the depth to the sub-soil water from tho surface of the ground 
is from C to 8 feet, except in sand hills and locally high places In the hot months water 
IB usually found from 10 to 12 feet below tbo surface of tho ground, and the villagers say 
that in a year of drought it falls another 6 or 6 feet 

Well imgntion is very general throughout tho tract, and helps to lower the level of 
tho Bub-Boil water m the rabi season The introdnction of canal imgation would reduce 
the area rmgated from wells, and dimimsh tho quantity of sub-soil water removed by them 
There is no doubt that the tract has been rightly debarred from canal imgation 

8 In Plate No I the debarred tract is colored block, except that part of it which is 


B 
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included in tlio Awn Estate, urhicli is colored red The Estate Tilla^ci nro Bliown on a 
larger scale in Plate No II 

The whole of Bnhgon, Tigra Bhnmorn, and Mahayn, about three-fourths of Jnithra, 
and half of Khina Lagar Snhai — or about 7,500 acres — are without canal imgalion 

4 The land of these villages is divided into two tracts, which may be called — 

(i) , the spring well tract, and 

(ii) , the percolation well tract 

In the former sprmg wells nro easily made by the villagers It mclndes a few field* 
in Jaithra, but is chiefly m Bahgon {Plate No IL) 

In Jaithra there is one masonry well bnilt by a cultivator, which reaches the sprmg 
Another well has been Bunh, but the “mota" baa not been pierced Dnrmglast cold weather 
one kucho aprmg well was used for irrigation 

In Bnhgon during the last rabi G pucka sprmg wells, workmg 14 buckets, and 2G kucha 
spring wells, workmg 39 buckets, were used for irrigation 

In Khina Lagar Sahni, Tigra Bhamorn, and JIahaya, there arc no sprmg wells 

5 The soil seotions in the sprmg wells in Bahgon vary considerably, but as n rule 
there are from 4 to 9 feet of a sandy loam, called lelioa, above the day In some wells there 
IS no lelwa, clay being found at or above the percolation level In others there are two 
distmct beds of lelwa separated by a stratum of clay 

It is necessary to support the sandy loam by coils of interwoven twigs of arhar, cotton, 
or dh&k, and the villagers say that they cannot make a kucha well if this stratum is more 
than 9 or 10 feet thick, os the pressure causes the coils of twigs to bulge inwards 

The thickness of the mota is said to vary from C to 18 feet, but m some places it js 
so thick that the villagers have been unable to get through it to tap the sprmg 

G The life of a kucha spimg well depends on the nature of the upper soil, the 
thickness of lelwa and tho rainfall It averages from two to three years 

The cost of the well depeads on the thicknesa of tho bed of lelwa, which must he sup- 
ported by coils of twigs, and on the thickness of clay, which must be dug in order to get 
a sulEcient supply of water It appears to very from Es 3 to 10 

Borne of the wells give enough water for one, and others for two buckets 

7 The pucka spnng wells are made of block kankar or bricks set m mud. On one 
of them font buckets, and on six of them two buckets, are worked 

8 In the percolation well tract only two spimg wells exist They are m the Jaithra 
Indigo Factory, and were hmlt some 60 years ago One well, 12 feet m diameter, is said 
to have cost Rs 1,300 , the other, 8 feet in diameter, Es 850 

Figs, 1 and 2, Plate No FV are sections of the kneha percolation wells made by the 
▼illflgers More than three hundred of these wells were used for irrigation durmg the last 
rnbi season 

If the soil IB sufficiently firm the well is dug in the form of the fmstmm of a cone, 4 to 
6 feet wide at the top and 9 feet wide at the percolation level {Fig 1) If the soE is too 
sandy to admit of this, the section shown m Fig 2 is adopted, and the trunk of a Ihqjur 
tree is laid across the excavation in order to snpport the woodwork on which the hncket is 
worked 

A cylmder made of coils of mterwoven twigs is sunk from 6 to 6 feet below the per- 
colatron level 

The cost of making such a well is difficult to ascertnm, but the foUowmg appears a 
fau cstunate — > 
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The IhdchJits and other small cultivators clnb together to make their Mella, and no 
actual cash expenditure is incurred, bat the men irho have larger holdings employ hired 
labor 

There is a good deal of difference in the wells Those sunk in coarse sand give much 
more water than those in fine sand The sand that comes into the well is cleared out 
once or twice a day, and is put on the ledge behind the cylinder So long as a well remains 
in good ordei, the older it is the more water it gives 

The wells ore made as soon as the rabi sowings are completed Last year they 
were being made ns late as the middle of December Imgalion for the earlier sown labi 
crops 18 frequently required before the wells are ready, and the labor now spent m making 
the kneha wells would be more profitably emploved in irrigating frqm pucka wells 

J 

The 7 hacTihts take care of their wells and sometimes make them last for two years, but 
by far the greater number of the percolation wells are used for only one season 

9 There are 18 masonry percolation wells m Jaitbra, and on three of them two 
buckets are worked Some are made of kankar, bnt most are of nnder-bumt, wedge- 
shaped hncks set in mad They are 6 to 8 feet in diameter, and have been sunk from 10 
to 15 feet below the percolation level They are made only m places where expenence 
with kneha wells Las shown the sand to be coarse and to give a good supply of water 
They require to he cleared out occasionally 

Theur chief advantage is their durability In a year of drought they give very little water, 
the oylmders not being deep enough 

10 The water lift m general use m these villages is the smgle backet with inclmed 
bullock ran The cattle ore worked on the nagaur system, the rope remaining attached to 
the yoke while the bullocks ascend the run The buckets are small, those which have 
been measured containing from 14 to 20 gallons Backets that have been m use for 
some time, and have been tom and repaired, contain much less than new buckets The 
cattle are much femaller than those used in the Jalesar pargana 

To work one backet two men are employed , one to drive the bullocks, and the other 
to fin and empty the backet When two buckets are worked on a well the bullock runs 
are parallel to each other on the same side of the well, and one man is able to attend to 
both buckets, while the second dnves the two pair of cattle Hence a considerable saving 
of manual labor is effected by working two bnekets on the same well When four bnekeU 
are worked, two are fixed on one side and two on the other side of the well 

The dhtnhU and rdhat, or charlht, are occasionally used by lhachhu and email 
cultivators 


II THE AREA IRRIGABLE FROM A WELL 

11 Tables I and II give the area imgnted during last rahi by a number of spring 
and percolation wells in Tillages of the Jaithra Circle The average results obtained are 
at firet sight rather sarpnsing, the area imgnted per bucket from spring wells being 2 32 
acres, while from percolation wells it is 2 82 acres It will bo noticed too that the area 
imgated from the pneka spring wells was only 1 75 acres per backet, while from the kneha 
spnng wells it was 2 63 acres 

This IS due {}), to some of the maeonrjr welli being m a bad state of repair, (ii), to the 

B 2 
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area 'under rabi round some of the TrelU being insufBcicnt to keep them constantly at rrork , 
and (luj, to the cultivated fields being scattered and at a considerable distance from some of 
the TTells There is a good deal of tisar in the spring well tract, and the water is sometimes 
taken a distance of one or two furlongs through waste land in order to get to afield to be 
iingated. 

In the percolation well tract there is not mncb usar The wells are made after the rabi 
sowmgs have been completed, and their positions are chosen with respect to the fields to be 
irrigated The area round a percolation well is compact, and is more easily imgated than 
the scattered fields round a spring well 

12 The TiUagers say that if a well gives enough water one bucket can imgate 20 
kncba bigabs, or about 4 acres, m the rabi season, and this area was attained on some of the 
Eingle-bncket wells The wells now being made should imgafc 3 acres per bucket, which is 
very bttle more than the average obtamed from the wells on winch irrigation was recorded 

13 In esbmating the area imgable from a masonry well, it is necessary to consider 
the system of cnltivation adopted in the fields round the well 

The gmihan lands, which are immediately round a villngc, often yield two crops a year 

The larJia, or outlying lands, are sown only once a year, anditis cnstomaiyto alternate 
thanf and rabi crops An exception must be made, however, in the case of the tarai, or 
low-lymg lands, as, owing to their being under water dnnng the rams, nokhanferop except 
nee can be sown m them, and it is a common practice to sow rabi crops in these fields 
every year 

llaujha lands appear as a rule to bo sown only once a year 

14 The land of a village may, therefore, he divided into two classes — 

A. Fields in which rabi crops are so'wn every year, compnsing the gnnhan and tarsi 
B Fields m which rabi crops are sown every second year, comprising the rest of 
the vdloge 

In fields of class A, the moximnm area that can be imgated from a well is the area 
that can be imgated m the rabi season, or 3 acres per bucket. Bat m fields of class B, the 
irrigable area is twice the area that can be irrigated in one rabi season, or C acres per bucket 

It IS assumed that the cultivation round a well in the outlying lands is so arranged that 
half the land is under rabi and half under khanf crops in each year If the whole of the 
land is under khanf one year and under rabi the next year, half the irngating power of the 
well will be lost, as the well will only be worked denng every second cold season , 

15 The irrigation of khanf crops is not taken into account, but it will bo seen that this 
does not affect the result In the ganhan the fields which are irrigated dnnng the hot 
weather and rams are also imgated m the rabi season In the ontlpng lands the fields of 
jnar or bajra that may be imgated were under rabi dnnng the preceding year, and are 
mclnded m the imgable area. 

Sugarcane is the only khanf crop that requires watering dnnng the cold weather 
If any fields ronnd a well are under sugarcane, the area under rabi crops that can be-im* 
gated will be reduced, bnt the total area imgable from the well will not be altered 

1C The best size of well to build depends on 

CO, tlie supply obtamable from the well , 

(it), the relative cost of different sizes , and 

(in), the position of the well with respect to the land to be imgated 

Other things being equal, the considerations in para 14 pomt to the conclusion that 
larger wells shonld be built in ganhan and tanu lands than in the outlying lands of a ■village 
In the latter a fonr-bneket wcUcan imgate 24 acres, while m the fprmer an eight-bucket 
well IS required to imgate the same area In each case the water must go the same distance. 
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and there rviU be the same loss m the water-courses Hence, if a four-bucket well is the 
beat size for the barha lands, an eight-bucket well is the best size for ganhan and tarai 
lands 

IIL THE COST OP IRRIGATION 

17 It 13 not necessary to consider the cost of raiamg the water, as this must be done 
whatever kind of well is used But it has been noticed m para 10 that considerable econo- 
my in manual labor will result from snfashtiitmg masonry wells workmg 2, 4 or 8 buckets 
for the single-bucket wells now used. 318 single-bncket wells were worked last cold wea' 
ther m the percolation well tract, and two men were required to each bucket. If these weUs 
were replaced by masonry wells, the labor of 318 men would be liberated, and would bo 
available forirngatmg the land which is now dry Roughly speaking, the labor of one man 
for 3 months would be saved for each bucket imgatmg 8 acres, or of one man for one month 
per acre irrigated. 

18 The cost of makmg a kucha percolation well is given in para 8 at Rs 3-8-0 to 
Ra 4-9-0, but part of this is home labor, and the actual expense to the cultivator is probably 
about Rs 3 per well, or Re 1 per acre irrigated If the value of the hberated labor is es- 
timated at Re 1 per acre, the total savmg to the villagers by using masonry wells is Rs 2 
per acre This may be considered n low estimate of the direct gam that will aocmo to the 
cultivator every year from the construction of masonry wells 

Other advantages are— 

(i) The rabi crops can be irrigated as soon as they require water 
(ii^ If there is a long break in the rams the khanf crops can be saved 

(iiij In a year of drought the villagers will be nearly as well off for water as m a 

year of average ramfalL 

19 If Rs 2 per acre is the cultivator’s profit from masonry wells each year his rabi 

crops are irrigated) this represents his annual profit m the case of ganhan and tarai lands, 
and his two-yearly outlying lands 

I nnderstand that Mr Orooke has fixed 3 annas per kucha bigah, or very nearly Re 1 
per acre ns the general rate of enhancement m the Jaithra Circle, and the preceding cal- 
culations show that the direct profits to the cultivator, owmg to his not having to make 
kucha wells, and to the savmg m manual labor, aro at least equal to this If the oulb- 
vators can pay an enhancement of Re 1 per acre m outlymg lands, they can afford to pay 
Re 2 per acre in ganhan and tanu lands 

20 To sum up for the percolation well tract 

’ One bucket can imgate 8 acres of rabi crops m a season 

Ganhan and tarai lands are usually under rabi crops every year The imgable area 
from a masonry well m these lands is 3 acres per backet 

Fields m the barha are generally sown with rabi crops every second year The im- 
gahle area from a well in this land is 6 acres per bucket 

Cultivators can afford to pay twice as mneh enhancement m ganhan and tarai lands 
as m the outlying lands of a village If the rate for the latter is fixed at Re 1 per acre, 
for the former it should be Rs 2 per acre 

In this case the enhancement on the land round a well will be Rs C per bucket for all 
classes of land 

21 I bave considered only the cultivator’s profit by the snbslitnbon of masonry 
wells for kneba wells But there are places where the soil below the level of the snb-soil 
water is cither lelwo or very fine sand, which yields so little water that percolation wells 
aro not made In other places the soil above the water surface is so sandy that kucha wells 
aro made with difficulty, and arc too cosily to prove remunerative These lands are now 
unimgatcd, and should bear a higher rate of enhancement than fields m which kucha wells 
are easily made 
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If the Burface soil is sandr the area irngable from the ivell shonld be reduced from 6 
to say 5 acres per bucket in the barha, and from 3 to 2| acres in the jaahan 

22 As regards the sprmg irell tract Kncbn irells co t from 11$ Stolls 10, and last 

from two to three Tcar^ Some give enough water for two buckets, others for only one. 
The annual cost per bucket appear^ to vary from He 1 to Es S 

Some cultivators have asked to have welts built lO this true', and it may he adviaable 
to make them where the strata of Iclra and clay are thickest But it is rarely expedient 
to construct masonry wells in lands where fcneha spnng welU ace casHv made As shown 
m para 35, conditions which favor the constrncUon of kneha spnng wells may prevent a 
really efScient masonry well being built 


IV THE COXSTRIJCTION OE MASONRY WELLS 

23 Tbe wells m course of construction at Jailbra are of three kinds — 

fi) Sprmg wells m which the masonry steinmg rests on clay 

(ii) Spnng wells in which the masonrv cylinder rests on sand, and the supply it 
ohlained through a tube extending fiom the bottom of the cylinder to the 
clay 

(in) Percolation wells which entirely in sand, and too steinmg of wh-ch 
IS made of bncks laid drv, so that water may filter Ihrongh the joints. 

The prmaplcs which regulate the constmebon of each kind cf well may be brieSy 
noted 

24 Spnsff trills in irliiati ‘f-e irasonry sfnniny rtaehes elaj — ^Tbese wells obtam their 
supply from a bed of sand undcrlvuig an impermeable stratum be’ow the level of snb-soil 
water It is not necessary that the impermeable stratum should be eontmuons over a large 
area, and mstances are common of good spnngs being oblamcd by piercing a clay stratum 
extending over a few bigbas 

Ftg SjPlateXo IT shows a well sunk in‘o clay and obtaming its snpplv from the sand 
below As the water m the well is removed, the supply i$ maintained by water commg m 
through the hole m the clav At first some «and comes into the well with the water, 
and It IS probable that a basin-shaped reservoir (shown by the dotted line) is formed, of 
which the clay acts as the roof The site of the rc'ervcir increases until the veloaty of 
the water filtering into it from the sand bei.omcs so small that the sand is not disturbed. 

If this explanation of the ac'ion in an ordmarv spnng well is correct, it is evident 
that BO long as the day stratum is of sufiuacnt extent to allow a reservoir to form beneath 
it, and IS strong enough to support the well above it, a supply of water will bo obtamed 
without sand coming mto the well 

The term “ mota ’’ is applied to the stratum of clay, or of clav and kankar, by piercing 
which a supply of water is obtained In MajLola, a village near Jmthra, there are some 
wells which rest on a slratum of nodular kankar without clav, and which give snfBaent 
water for two buckets without sand coming in But it is rare that such a st^tnm is 
found of suEBcieat thickness and with the nodules close enough together to form an 
efficient " mota,” 

25 An ordinary spring well consists cf two parts — 

(i) , the masonry cylinder, and 

(ii) , the hole through the clay 

The masonry cjlmder is simply a cisteri m which the buckets work, and its diameter 
u regulated bv the number and size o'' the buckets The first wells made at Jailhra were 

5 feet m diameter and were in'endea to work two buckets; bat it was found that two of the 
small buckets used there could be worked m a well -ti feet in diameter, and that a 6 feet 
well would take fUnr buckets To deade the pomt four buckets were fitted on a well 

6 feet m diameter, and a number of cultivators assembled to see the buckets worked , they 
decided that the well was large enough 
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The cylinder must be sunk to snch a depth that it inll contain eufficient water m a 
year of drought When a well is worked, the water in it should not fall more than 
10 feet, and if the supply is copious the fall will be much less There should be at least 
4 feet of water remaining in the well to allow the buckets to be properly filled Hence the 
cylinder should be sunk 14 feet below the level of snb-soil water in a dry year The cnltiva- 
tors at Jnithra say that they have never known the water to fall more than 5 or 6 feet below 
the ordmary hot weather level It should, therefore, be enfScient to sink the wells 20 feet 
below the average percolation level m the hot season But as the water may fall lower in a 
year of drought than the cultivators say, it is proposed to sink the oyhnders 25 feet 

26 The spring is generally tapped by simply piercmg the clay But there is some- 
times too great a thickness of clay to admit of this , or, after getting through some feet 
of clay, a stratum of loam, or a thin stratum of sand, may be reached, beneath which hes 
the true “ mota " In these cases it is necessary to sink a small shaft through the upper 
part of the clay, or through the loam, and to Ime it with bnekwork {Fxg 4, Plate No IV ) 

27 Sprmg tule wella — In places where the clay stratum is too deep to be reached 
by the masonry stemmg, a spring well can be made by smkmg a pipe from the bottom of the 
cyhnder to the clay {Fig 5, Plate No IV) 

In order to keep the sand, on which the curb rests, from coming into the cylmder, it is 
necessary to ram a plug of concrete about 5 feet thick m the bottom of the well between 
the pipe and the stemmg To allow for this the cylinder should be sunk 80 feet below the 
ordmary percolation level 

At Moradabad the tubes used m the wells have been made of giilar wood, which is 
known to be very durable under water At Jaithrn all the gidai trees m the Estate villages 
have been cut down for making curbs, and there are very few trees available for making 
the tubes It is proposed, therefore, to use cast-iron tubes with spigot and faucet joints 
held together by screws They are mneh more expensive than wooden tubes, but Mr 
Meares reports that ho finds great difficulty m smkmg the latter through sandy soil 
contammg nodular konkar In some of the teal bonngs at Jaithra such a stratum has 
been found overlymg the clay, and it is absolutely necessary to get through it, and to bed 
the tubes firmly into the clay The cast-iron pipes wdl go through nodular kankar much 
more readily than wooden tubes will, and this advantage may more than compensate for 
their additional cost 

This descnption of well is analogous to the well with the small shaft shown m Fig 4 
If the mam cylmder of the well is bedded m clay, it is generally easy to bale out the water 
and to dig the shaft , and the masonry Immg is nearly as cheap, and is certamly more 
durable than the iron or wooden pipe But if the cylinder rests in sand, it is much easier to 
sink a pipe through the sand to the clay than to smk a small masonry shaft The mam 
cylmder of the well might bo carried down to the full depth of the small shaft or pipe, 
but this would be both ueeless and very expensive. 

28 The diameter of the pipe is a most important pomt to determme 

■When a spnng well is worked, the water level falls until the water enters the well at 
the rate at which it is withdrawn by the buckets The fall represents the head expended 
m overcommg the resistance to the flow of the water , (i), through the sand from which the 
supply IB drawn, and (u), through the well The former resistance vanes with the degree 
of coarseness of the sand The coarser the sand, the more readily will the water flow 
through it, and the less will be the loss of head The head lost m the well may be calcu- 
lated by assummg the water to flow from a reservoir below the clay through the tube into 
the masonry cistern in which the buckets work The velocity m the reservoir below the 
day, and m the masonry cistern above the tube, is very small and may bo neglected 

The hole m the clay m an ordinary well conesponds to the tube m a deep well, and as 
tho diamct - of the hole can easily be made as largo as desired, and the length is generally 
small, tho k s of head m the well is mconsideroble, and the fall of tho water when tho well 
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18 trorked nearlj represents the heed expended m overcoming the resulance to tho floiT of 
water throngh the suid below tho “ mot* ” 

Bat the following calenlations show that in a tnho well the loss of head cansed hy rmng 
too small a pipe may ho very great — ■ 

Lot V — telocity of water throngh the tube in feet per second 
h = head dno to tho velocity = -jj-j- 
l = length of tube in feet 
d = diameter of tnho in feel 

Tho head lost m the well is expended in three ways— 

1 A portion of head, which experiment shows is equal to 0 605 h, is employed 

m overcoming the resistance at the lower end of the tube 

2 A portion, which is equal to h, is wasted m cddpng motion in the masonry re- 

sfervoir at tho upper end of the tnho. 

The loss of head at the two ends of the tube is therefore equal to 1 505 h 

3 The head expended in overcoming the fnction of the tube is equal to c ~ 

where c is a co-e£Scient which has been found by expenmont 

The values of these quantities for pipes 50 and 100 feet in length, and of different 
diameters, and dischaiging ^ and f cobic foot per second, arc given in Table TV 

The values of c are those found by Darcy for old and incmsted pipes, and are double 
the co-e£Scients for new and clean pipes (Unwin’s Hydraulics) 

Experiments have shown that the maximum discharge from a 6 feet well worked by 
bullocks may be taken at 900 cubic feet per hour, or 0 25 cubic foot per second , nnd from 
an 8 feet well at 1,800 cubic feet per hour, or 0 5 cnbic foot per second These dis- 
charges are rarely obtained by tho villagers If men are employed to work the buckets, 
1,200 cnbio feet per bonr may bo raised from a C feet well 

It will be seen from the Table that a S-inch pipe is qnito nnsnilable for any but the 
smallest wells IViih a d seborge of 0 25 cnbic foot per second, 4 90 feet of liead are lost 
in 60 feet of S-incb pipe while only 1 15 foot is lost in a 4-incb pipe of the same length , 
the difference IS nearly 4 feet With a discharge of 0 5 cubic foot per second, the head 
lost in 50 feet of 3-mch pipe is 19 58 feet, and in a 5-inch pipe of the same length it is 
only 1 51 foot, the difference is 18 feet. 

The diameter of the pipe sbonld bo regulated by its length, and by the size of tho well 
But it 13 convenient to have a standard size, nnd the 5-mcb pipe Appears most smtable for 
’ irrigation wells 

With n discharge of 0 5 cubic foot per second, the head lost in 100 feet of 5-inch pipe 
18 2 71 feet, and in the same length of 6-inch pipe it is 1 09 feet. The difference is 1 62 
feet If iron pipes are used, the difference in cost between pipes 6 inches and 5 inches m 
diameter is probably greater than the cost of sinking the main cylinder of the well an extra 
2 feet, which will more than allow for the additional loss of head (1 62 feet) cansed byusmg 
the smaller pipe 

29 PtrcoloUon xcells T\g Gj Plate W , is a section of the percolation wells which 
U IS proposed to build. In the lower 5 feet of the stemmg the bncks are set in mortar , 
above this the bncks are laid dry to a height of 4i feet This is succeeded by 1 foot in which 
the bncks are laid m mortar , this again by 4^ feet, consisting of bncks laid dry , and so 
on till the cylinder has reached a height of 26 feet, above which to the top the bncks wiU 
he set in mortar The cylmder will be sunk SO feet and a plug of concrete 6 feet in thick- 
ness will be put mto it 

80 A paper read by Mr Sntcliff before the Society of Engmeers in December 1877, 
desenbea the systems that have been tned in England m order to obtain n supply of water 
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from tnbs irells Btmb in eand Those wells, commonly tnown as the “ Abyssimstt tube 
wells,” consist of wronght-iron tubes conn»cted by screwed sockets, the lowest tubes bemg 
furnished with steel points and perforated with holes varying from I- to J- inch in diameter 
extending from 15 inches to 3 feet npwnrds from the points The tubes are drii on into the 
ground until a stratum is reached that will yield water A pnmp is then attached to the 
top of the tubes, and on working the pump water is drawn in through the percolations in the 
lowest tube and is discharged above the surface of the ground When the lowest tube is 
m n stratum consisting entirely of fine sand it soon becomes choked, and the eand flows 
in through the perforations as fast as it la cleared out The following extract from 
Mr Sutcliffa paper, winch describes some of the plana that have been adopted to overcome 
this difiSculty, is interesting — 

“ A tube well was driven at Chislehurst into nn extremely fine sand, and it was found 
impossible with the liorae-hair strainer to get any supply of clear water The tubes were 
withdrawn, and the point screwed off, and the pipe driven in the same hole The 
pnmp was then screwed to the top of the tubos, and four or five barrow-loads of sand pump- 
ed up Previously to doing tins, however, six barrow-loads of good clean sharp gnt gravel 
were brought to the spot The pump was removed, aud down the tube, which was only 
l^inch internal diameter, as much gravel was forced ramrod fashion as filled up the cavity 
made by the removal of the sand The open tube was then withdrawn and a pointed aud 
perforated tube dnven into the gravel bed thus formed A coarse sand tube was dropped 
into the well to keep back the grit, and upon agum attaching the pnmp the water came freely, 
and rapidly cleared. Fig 7, Plate No V shows the bed of gravel inserted in the manner 
described In consequence of the success of this well another was sunk on tho same estate 
with equally satisfactory results, and these two wells have now been in nso over two years, 
and withm tha last few weeks a third has been added At Orpington, in Kent, what 
IB known as a blowing sand was dealt with somewhat similarly Owing to the nature of 
the sand a cavity conld not be made in it as in the previons case A hole 6 or 7 inches m 
diameter was therefore bored and piped down with large tubes, until several feet of tho 
quicksand had been passed through The qnicksand was removed from the pipes with an 
ordinary bonng shell, and gravel was rammed down, the largo tubes being gradually with- 
drawn ns the work progressed The small l^inch tube was then dm en into this vertical gravel 
bed as shown in Fig 8, Plate No V , and a good well made, which gave a supply of about V!00 
gallons per hour Clay was rammed tightly over the gravel to prevent drainage contami- 
nating the well The large tube was entirely dispensed with before completing the work 

“ Another method of introdncing a gravel bed was employed m a dug well at Lewis- 
ham m Kent The dag well became dry last summer, and to obtain a fresh supply a tnba 
well was dnven below the bottom of it, and water m a fine silver sand obtained Gravel 
was thrown into the dug well, and by its weight gravitated to the spot from winch the sand 
was being dravra The operation of pn nping out the sand and replacing it with gravel was 
continued until the water became entirely free from sand, and was so plentifal that two 
pumps wero attached to it and the nest house supplied from it ” 

From the descnption of the system adopted at Orpmgton, it appears that when 
the tube was surrounded by a layer of gravel, a discharge of 200 gallons ( = 82 cnbio 
feet) per hour was obtained without any sand coming mto tho well 

81 Mr Bull, C E , has built some wells m winch all the bneks from the curb to 
•withm a few feet of the ground level ore laid dry, and it is eaid that little or no difBcnUy 
is experienced from the sOnd coming in through thejoints The character of the eand m dif- 
ferent wells vanes very much, but there can be no doubt that if the steining of a percolation 
well can be comp'' etely surrounded by a layer of small matenal, such as broken bnefc 
(^Fig 6, Plate No V ) the efficiency of the well will be greatly increased 

In 1880 two percolation wells were snnk, but they retched clay •within 19 feet 
of the level of snb-soil water Tlie area of the surface through which tho water ctn fiUar 
it, tberafoTO, much less tbanin the wells now under construction Tho wells gave sufficient 
water for one bucket without much sand coming in, but when two hucteta were worked the 

c 
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rolls Topidlj- ulttil up '-Tlio cnrth round ono of tbo trolls trs'* clenriJ out nnd ti trench 
nhout S ride rR" dug round the cylinder to n depth of I foot f inchf’ Ivlotr the pet- 
colntion level Lime siftings ond hrolteii Imch rrero throivn into the trerth A pump 
r#i«ing nlmcrtt as much Trntcr ns tiro smnll bncKcl' THIS tvorkfd for n fortnight, trhen it 
broke down and rns tophrod by n smaller pump, rliich «a« ■iTork''d for tiro month*' TIil 
iCBult rns that very liUIe sand enwo into tho well while the malenal in the trench fink 
a fciT inches Had this plan been adopted immediately after the rrll vrrt built, it is pro- 
bable Hint tbo brolcen brick ivould Invc snnk more rapidly It mil It Inrd on one or tiro 
of tbo noiT tvells, ond if Iho results oto not satisfactory, n somewha* siindar plan to that 
desenbed by Jlr Snlchff as hating proved eucccssfal at Orpington will be adopted 

A pipe C inchca in dinmelor mil be Bunk about C itichrs from tlm stcmiag to o depth 
of Sh fccU Small brick ballast will be rammed into the pipe and forced into tho sand ol 
the hotloni Tlio pipe will be withdrawn, and as it n'es more htoktn bneV mil Ve ram'med 
into it It will ba necessary to sink the pipe m 12 or 15 places nl intervals of about 2 feel 
round the Btcmmg In this way tho cylinder elwuld be completelv anTrounded by broken 
brick to n dialanco of from 12 to IS inches , more of the talla*t will be filled roto a trench 
ronnd tho well 

02 Tlie filter bed* generally used m walcnrorks for the supply of towns consiit of n 
layer of gravel covered with a layer of sand, and they are generally designed with nn area 
of one equarc yard for each TOO gnlkns (= 112 cable ft el) of water to be filtered in 24 
hours This 13 at tbo rale of nearly 5 cubic feel persquaro yard pet hour 

Tho Bteinuig of n percolation well with tbe broken bnck and rand round it forms n 
filter bed When tho well is worked the water will fall n few feet, ra" 1 feet , and if the 
well has been sunk SO feet below the porvolation level, ond the concrete plug is 5 feel 
thick, tbo length of tbo cyhndcr through which tbe water can filter will be 21 feet 
If there IS a foot of bnck ballast all round the stcining the area of tbo outside of the 
cylinder of broken brick will bo 

21 X S j. X 10 = CCO square fret, 

= 73 square yards nearly 

If tbe wafer passes into tbo broken bnck from the '■and at tbo rate generally allowed 
in filter beds, the qntmlily obtainable from tbo well will bo 

73 X 5 = SC5 cnbic feet per hour, 
or fully caongU to ecpply two of tbo buckets u«cd at Jaithra 

Tbo velocity of flow through a filler bed is kept very low in order to lemovo all the 
mechanical impurities and to oxiJizo the organic impunlies prujcnt in the water, and it is 
probable that a much higher velocity may bo pemiillcd without drawing sand into tho well 
If a rate of 10 cubic feet per square yard jicr hour can be altamcd, tho well mU give 
Bufficicnt water for four buckets 

S3 It Tcmnins to consider tbo effect of a year of drought on these wells By 
sinking the cvlmder of a spring well 30 feet, allowanco m made for a fall of the water 
surface to tho estont of 11 feet in a dry year If sneh a fall occur, the length of cylinder 
of a percolation well through winch the water can filter mil be nduced from 21 feet to 10 
feet, and a discharge at the rate of 20 Cubic feel per square yard per lionr will be required 
to supply four buckets If this rale cannot be attained without bringing sand into the well, 
either the cylinder must be sunk deeper or the discharge from the well must be reduced. 

34 The figures given above show tbo advantage obtained by making tbe side of the 
cylinder poimoable to water If the bncks of tho Btcmmg aro laid in mortar the well must 
obfam its supply entirely from tbe sand nlthe bottom By throning broken bnck into tho 
bottom of a 6 feet well, a filter bed, having an area of 3 square yards, will bo formed, and at 
tho rate of 5 cubic feet per square yard, tho discharge mil bo 15 cubic feet per hour 
Even if the rate of discharge can be increased to 20 cubic feet per square yard per second 
without bringing m sand, the well will not bo of much use for irrigation purposes 
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80 feet 'beloTT the crater lerel Tnflioat reaching day TJnless a very cheap deicnpfeon of 
p’pe IS nsed it -vrill rarely pay to hnSd Epnng rrells m places where the “ mota” is more 
than 60 feet deep, and it is m these places that the greatest necessity emsts for good per- 
colation -vrellE 


Y THE COST OP MASONRY 'WHLLS 

SS Spring tf'ffi taih Ojlirders retUng oi dag — Cylinders 6 feet m diameter are 
made 1 foot thick. The bricks are made segmental to fit the cnrre of the rrell, their mean 
dimensions hemg 12’ X 6’ X S' Two moulds are nsed — one for headers, the other for 
stretch ers- 

One foot in length of the cylinder contains 22 cnhic feet of masonryj and at Be 20 
per 100 cnhic feet, costs Rs 4-6-6 ^ 

The cost of sinking Taries reiy mnch. Throngh lelwn, the progress iamrnch slower than 
throngh sand. Ge'tmg the cylmder into the clay is expensrre, and more wells mnst be sunk 
before the axerage rate can be ascertamed, bnt it shonld not crceed Es. 3 per fool 

The cnfbs of wdls that are sank mto day are fitted with iron shoes to facilitate the 
sinking 

He depth to the percolation lexel from the surface of the grennd aTcrages about 12 

feet. 

39 The estimated cost of a well, the cylmder of which is 6 feet in diamete-, snnk 
25 feet bdow the percolation level, and hnilt to a height of 2 feet above it, is ns follows - — 

ns Ju 

so 0 

171 14 
75 0 
10 0 



286 14 

Establishment, at Rs. 10 per cent., 

.. .. 28 11 

Tools and plant, at Rs 5 per cent.. 

. .. 14 6 

Contmgenaes, 

•• *■ 20 X 


Total Rs., .. 350 0 


If a small shaft, 10 feet m length, is reanired m the day, the cost of flm; must be 
added The masonry linin g may he S feet in diameter and 6 inches thick. One foot in 
length contams 4 5 cable feet, and costs Re. 0-14-6 The cost will be — 

ES a 

..5 0 

..9 1 

.. 10 0 

24 1 

Add for establishment, tools and plant and conlmgencies, .. 5 15 

Cost of shaft, .. 30 0 

Hence the total cost of the well will be Es. SSO 

If these small shafts a-e required m half the wells, the average cost of the spring wells 
C fe^t in diameter, wfll be Rs 365 

In a p-enons note on the Jaithia wdls the average cost of a 5 feet well was estimated 


Cnrb, ... 

Masonry lining of shaft, 10 feet. 
Sinking shaft, 


Curb, fitted with iron shoe, .. 

ilasonry cylinder, 39 feet, at Rs 4-6-6 per fool. 

Sinking, 25 feet, at Rs 8 per foot, 

Earthwork, . .. ,. 
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at Es 250 A 5 feet well will take only 2 buckets, while a G feet well will take 4 buckets 
A four-bucket well at Es 865 is cheaper than a two-bucket weE at Es 250 


40 These wells may be made more cheaply if the cylmder is not sunk so deep, or if 
its thickness is decreased 

The reasons for sinking the cyhnders 26 feet have already been given (paras 25 and 85) 

The thickness of the steimng may probably be reduced to lOmohes without endanger- 
ing the stabflity of the weU This will effect a savmg of about Es 25 

The cylmder is stramed most severely whfle it is bemg sunk, and if it is strong enough 
to stand emkiog, and is properly bedded in the clay, it is not likely to fail when it is used 
for irrigation. Some cyhnders 8 feet m diameter and 12 mches thick will shortly bo sunk, 
and if th^ go down safely, the stemmg of the 6 feet wells will be reduced to 10 mches 

41 No 8 feet wells have yet been made at Jaithra, but two sizes of bncks have been 
burnt for them. 


(i). 10 mches long, smtable for oylmders 15 mches thick 
(li) 12 mches long, smtable for oylmders 12 mches thick 

One foot m length of an 8 feet cylmder, 15 mches thick, contams 86 8 cubic feet of 
masonry, and at Es 20 pec 100 cubic feet, costs Es 7-4-2 


The sinkmg should not cost more than Es 4 per foot 

percolation level, and bmlt 

ns A 
.. 45 0 

288 8 
.. 100 0 
. 15 0 

443 8 

Establishment, at Es 10 per cent, .. ..445 

Tools and Plant, at Es 6 pec cent, .. .. .. 22 8 

Contmgencies, .. .. . .. .. 80 5 

540 0 

If a shaft 10 feet deep is sunk m the clay, the addibonal cost wiU. be almost the same 
as for a 6 feet weU, or Ks 80, and the total cost of the well will be Es 570 

The average cost of the 8 feet wells wiU. be about Es 555 

If the cylmder is made 12 mches thick, a savmg of Es 50 will be effected 

42 To compare the cost of a 6 feet well with that of an 8 feet well 

A Gfeetwoll costs from Es 840 to Es 865 accordmg as the cylmder is made 10 mches 
or 12 mches thick. 


The estimated coat of an 8 feet well, sunk 25 feet below the 
to a height of 14 feet above it, is as follows — 

Curb, fitted with iron shoe, . . . , . 

Masonry cylmder, 89 feet, at Es 7-4-2 per foot,.. 
Sinkmg 25 feet, at Es 4 per foot, .. . 

Earthwork, .. .. .. .. 


An 8 feet well costs from Es 505 to 553 accordmg as the cylmder is made 12 mches 
or 15 mches thick. 

Hence an 8 feet woU costs almost exactly half as much ogam as a 6 feet well, while 
it wiE take twice the number of buckets 

48 Spnng tuSc wells — One of these wells differs from an ordmary sprmg well m 
the following details — 

(i) The cylinder is 5 feet longer 
(u) It IB sunk 5 feet deeper 
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(m) There is a plug of concrete, 6 feet tkcfe, in the bottom of the ■well 
(it) a pipe exteads from about 2 feet above the concrete to tho cloy 

inie rato for einking should be less than m the other rreUs, as sand only or sand 
filth a little nodnlnr konkar is passed throngh There is no necessity to hove the curb 
shod filth iron. 

44 The cstiinated cost of the oylmdet of a 6 feet tube rvell is as foUofis — 

ns A. 

Clurbj •• * •• •* 18 0 

Uasonry cylinder, 12 mchcs thick, 44 feet, at Es. 4-6-6, .. 193 14 

Sinking, 30 feet, at Rs 2 per fool, .. .. 60 0 

Eorthfiork, .. .. 10 0 

Concrete, 142 onbio feet, at Es 14 per 100 cnlno feet, . 19 14 



801 12 

Establishment, at 10 per cent , . , 

.. .. 80 S 

Tools and Plant, at 5 per cent, . 


Contmgencies, .. •. 

22 15 


Total, .. 870 0 


If the cylinder is made 10 inches thick, a saving of Es 80 fiill be effected 
45 The estimated cost of the cylinder of an 8 feet tnbo fiell is given beloiv— « 

BE A. 

Curb, •• •• •• •• »• 80 0 

Masonry cylinder, 15 inches thick, 44 feet, at Es 7-4-2, . . 819 7 

Smkmg, SO feet, at Es 8, .. .. .. 90 0 

Earthfiork, . . . 15 0 

Concrete, 250 cnbio feet, at Es. 14 pet 100 cnbio feet, , . 85 0 



489 7 

Establishment, at 10 per cent,. 

. .. 48 15 

Tools and Plant, at 5 per cent , .. 

24 8 

Contingencies, 

» • « • 2/5 


Total, 690 0 


By making the cylmdet 12 inches thick a saving of Es 60 may be effected 

46 To this mnst be added the cost of the tube, which mil vary vuth the kind of tubes 
nsed and the length regnired. It was originally intended to use “ gular” fiood pipes, which 
were obtamed at Sloradabad for 10 annas per foot 

For reasons given in para. 27, it is necessary to nse iron pipes nt Jaithra The cheapest 
pipes in the market are cast-iron pipes fiith spigot and faucet joints turned and bored 
The prices of these pipes m Bombay, and the cost of carnage to Agra are given below — 


ns A P BS A. P 

4-inch pipes cost m Bombay 0 12 0 per foot, and carnage to Agra is 0 9 0 per foot 
n „ 1 0 0 „ „ „ 0 12 0 „ 

» 14 0 „ „ „ 0 15 0 


To this must be added the cost of making holes, Bcrews, ie., which will add aboot S 
annas per fool to the price The cost of carnage to Jaithra is about 2 annas per foot. 
Hence total cost of pipes at Jaithra -will he — 


4- mch pipes, 

5- inch „ 

6- mch „ 


ES A. 

1 15 

2 S 
2 18 


p 

0 per foot 


0 

0 




if 
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The objGotionB to this kind of pipe are that the joints project more than an mch beyond 
the body of the pipe^ and the turned and bored Burfaccs are not long enough to make the 
joints q^nite ngid. 

It 18 probable that these pipes can bo sunk to a depth of 50 or 60 feet below the 
bottom of the well without much diEBoulty For greater depths it may bo necessary to use 
cast-iron pipes connected by wrought-iron coyenng hoops 

As stated m para 28, the 6-moh pipe is the beat size for general use 

The pipe projects at least 2 feet aboye the concrete, and should be sunk 3 feet Into 
the clay Hence the length of pipe required is equal to depth of clay below bottom of well 
-1- 10 feet 

The cost of the pipe, moindmg Binkmg when clay is at different depths below the 
bottom of well, is giyen below The coat of smkmg is estimated at Ke 0-8-0 per foot 








ns 

A 

n 

01 ny 

10 feet below bottom of well, cost of pipe, 

• • 

64 

0 

0 

yi 

20 

]> 

)) 


• ft 

82 

12 

0 

1) 

30 

]} 

)> 

)> » 

• • 

111 

8 

0 


40 

JJ 

J> 

>1 n 

• • 

140 

4 

0 

}] 

50 



» 

• • 

169 

0 

0 

ti 

70 


» 

39 >9 

• • 

226 

8 

0 

a 

100 


« 

99 99 

• t 

312 

12 

0 


47 The followmg Table ehowa the totid coat of a spring tube well when the " mota " 
18 at different depths below the percolation level — 


Bopth from leyel of su'fcHWil 
'Water to the mota. 

Esthixtei) cost op Well. 

6 feet in diameter 

8 feet m diameter 


E6 BB 

ES BB 

40 

394 to 424 

584 to 644 

50 

428 to 458 

618 to 673 

60 

462 to 482 

642 to 702 

70 

480 to 510 

670 to 780 

80 

509 to 689 

699 to 769 

100 

567 to 597 

757 to 817 

180 

653 to 688 

843 to 908 


48 JPercolatton wells — The oylmdere of these wells are made 6 feet m diameter 
They will cost almost exactly the same as the cylmders of spring tube wells of the same 
diameter Extra precautions must be taken in sinbmg them, and this will counterbalance 
the saying effected by not using mortar in 18 feet of their length Hence the cost of the 
cylinder (12 inches thick) will be Es 870 

If the cylmder is eunounded by broken bncks to a thickness of 12 inches, 1,000 cubic 
feet of bnck ballast will be required At Jaithra this will coat very httle, as there 
IB a quantity of hmo siftings and broken bnck at the kiln, which is useless for any other 
purpose But if a number of these wells wore made, it would bo necessary to bum or pur- 
chnso the ballast, which would cost about Rs 4 per 100 cubic feet Hence cost of 1,000 
cubic feet of ballast would be Es 40 To this must be added the cost of sinking it round 
the cyhnder 

If the ballast sinks sufficiently by simply working the well, the expenditure will bo very 
small Arrangements must bo made to keep the trench open and to carry the water 
raised from the well over the trench The water will be raised from tho well by tho 
cultivators and will be used for imgation As tho ballast sinks, more will be thrown 
into the trench Es 10 should bo sufficient to cover this In this case tho total expendi- 
ture on ballast and sinking vnll be Es, SO 
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If it iB necessary to gink a pipe round tho rrell ond to rnm the ballnst into it srhilo it 
IB being svithdraivn, tho eost will be about Its 60 greater Tho pump must bo Eonk and 
lowered in from 12 to 15 places round the cylinder, Bay 15 The cost of Binlting and wilh- 
drnwing the pipe once, and ramming tho ballast into it, will be about Rs 4 , and for doing thi* 
16 times the cost will be Es GO Hence the total expenditure, including ballast, sinking 
pipe, fi,o , will be Es 100 Therefore tho total cost of a percolation well is Es 420 to 470 

As mentioned above, the cost of the percolation wells at Jnithra rill bo less than 
this, ns there is n considerable quantity of waste material at the kiln, which will bo used for 
ballast. The percolation wells first made were 5 feet in diameter, and it was intended to 
make them nil of this size, ns it was not expected that they would giro water for more than 
two buckets Eat it appears probable that if the cylinder can bo entirely siirroilndod by 
ballnst, tho percolation through it will bo snffiuent for four buckots. Some percolation 
trells, 6 feet m diameter, have recently been started 

49 Tho conditions which detormmo tho best size of well to build are given in para 

16 

It has been estimated (para 42) that an ordinary spring well, 8 feet in diameter, costa 
I half ns much again as a well 6 feet m diameter The former will take twice os many 
bnekets ns the latter, hence tho relative cost per bucket of the two wells is as 8 to 4 
We have to consider whether the adinntngo in cost which the larger well possesses 
IB neutralized by the additional loss in the channels m irrigating n larger area 

Water is lost in a waterconrso in threewa ys — (i), by soakage into tho soil , (ii), by 
evaporation from tho water surface , and (in), owing toirrcgnlantics m the bed, some water 
18 retained in tho channel after irrigation has censed If tho channel has n good slope and 
IS properly made (ii) and (iii).aro comparatively small, and the chief loss is by percolation, 
which vonca with the kind of soil through which the watercourse runs 

It 19 probable that in a given channel tho loss by soakage vanes nearly as the wetted 
surface (= wetted penraoter x length) of the channel If the rate of discharge is doubled 
the wetted perimeter is increased in a much smaller proportion, and tho channel may be made 
longer without increasing tho percentage lost by percolation Hence if all the water raised 
from a well is sent down one channel and into one field at a time, the proportion lost in tho 
Watercourses on an 8 feet well is probably no greater, and may even be less, than that lost 
on a C feet well 

Cultivators are well aware of tho economy that results from iingnting on this system, 
and when the land round a well belongs to different men they frequently combine together to 
do BO But this cannot always be counted on, and if the irrigation of three or four fields it 
earned on together the loss in the channels will be increased, and tlie area imgated from 
tho 8 feet well will bo less than double tho area irngnble from a G feet well bo long as the 
area imgated for bucket on the former exceeds three-fourths of that on the latter, the ad- 
vantage as regards economy is sull on the side of the 8 feel well 

A two-bnoket well costs about Es 250, and the cost per backet is about 30 per cent, 
greater than that of a four-bucket well 

"Until n well is mode tbe water supply obtainable from it is uncertain It vanes with 
the nature of the sand below the **mota,** coarse sand yielding water more readily than 
fine sand It also depends on tho extent of the sandy Btrntnm both horizontally and 
vertically 

This uncertainty about the supply is the chief objection to makmglarge wells, as after 
they are made it may be found that the full number of buckets cannot bo worked on them 
Tho supply m a spnng well is nearly always enough for four, but is frequently insufficient 
for eight small buckets The former therefore appears the best size for general use 

Some 8 feel wells are being built m gnuhan land near other wells, m which the supply 
has proved to be ample 
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50 As regards spring tube Trells Mr Crooke is of opinion that if he can secnre a 
rate of profit at 6 per cent, it wll pay him to make wells Allowing, asm the last para , a 
profit of Rs 24 from a 6 feet well m outlying lands, and of Rs 48 from an 8 feet well m 
the gauhan and tarai, the cost of a 6 feet well must not exceed Rs 400, and of on 8 feet 
well Rs 800 The Table m para 47 shows that, accepting these lunits, a 6 feet well should 
not be made where the “ mota ” is more than 40 feet, nor an 8 feet well where the "mota ’’ 
IS more than 100 feet below the level of aub-sofl water 

61 Next as to percolation wells Spring tube wells 6 feet m diameter cost Rs 394 
to Rs 424 where the " mota ” is 40 feet deep, and Rs 428 to Rs 453 where the “mota ” is 
50 feet deep If a percolation well giving enoogh water for font buckets in a year of drought 
can be made for Rs 400, it should be made wherever the “mota” is more than 40 feet deep 
m preference to a spring tnbe well 6 feet m diameter 

52 VTells of any descnption can be built more cheaply m a year of drought than 
after a year of average rainfall If the level of snb-soil water falls 10 feet, the savmg m 
wells of different kmds and sizes will vary from Rs 80 to 50. 


TL REPORT OP WORK RONE AND IN PROGRESS 

53 Two experimental wells were sunk at Jaithra m 1880, m sites chosen by Mr 
Benson One of them reached clay at a depth of 18 feet 6 inches The other was sunk 
15 feet 6 inches, and the divers said it was on clay, but this was afterwards found to be mcor- 
rect, and the well has been sunk 2 feet 6 mches deeper, and is now on the “ mota ’’ 

54 In Apnl 1881, a tnal boring was made m a spot about three-quarters of a 
mile from these wells, and clay was found at a depth of 24 feet The bonng apparatus 
used was of the ordinary land, consisting of iron rods screwed together, with vanons tools 
to be attached to the lowcat rod The soil being sandy, a 8-mch wrought-iron pipe was 
sunk to keep the bore open, and the tools worked inside the tnbe The apparatn^ proved 
quite unsuitable for the sandy soil at Jaithra. Each time the tools were withdrawn from 
the pipe a considerable time was wasted m unscrewing the rods, and only about 1 foot m 
length of the auger contamed sand 

The sand came into the pipe almost as quickly os it was removed The trial bonng 
occupied three weeks, and cost Rs 26 m labor alone 

55 The two expenmental wells made m 1880 are percolation wells, the greater part 
of the steining below the water surface being made of bnets laid dry This descnption of 
well cannot be sunk into or through clay without great difficulty Clay having been found 
withm 24 feet of the percolation level m the three places where tnals had been made, the 
wells, which were then started, were made of bnebs laid m mortar Before the end of Octo- 
ber, 18 wells had been built and four of them had been sunk 80 feet without reaching clay 
Since then the vemammg 14 wells have been sunk, but only six of them have reached clay 

56 The vanntion m the depth to the cloy in different parts of the Tillage rendered 
it necessary to make a more extensive senes of tnal bonngs before building any more wells 
Some new tools and pipes were ordered in November 1881 They were received m Jlarch, 
but some alterations were required, and these were not completed till May 

In the meantime 20 more wells were started, the cylmders being built to a height of 
only 5 feet pending the results of the tnal bonngs A reference to Ftgs 3 to 6, Plate Ao* 
IV and V , will show that up to this height the slcimng of a spnng and percolation well is 
bndt in exactly the same way, but’ above 5 feet the hncks in the former are laid in morlarr 
While in the latter thev are laid dry 

Bncks were also earned to the sites of 16 wells, and 7 of these have since been started 

57 The new bonng apparatus is made on the system winch has been found to work 
satisfactonly at Moradobad in sinking the wooden tubes through sand For working m 

D 
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wet sand a elndgo pump is used, rerj mmilar in constrnotion to that of a common encbon 
pnmp It consists of a ovlmder with a vahe at the bottom opening upwards A piston 
with a waive in it, also opening upwards, moves np and dowiiinsido tho cylinder, and a ropo 
IB attached to the end of the piston rod The piston is made snfRciently heavy to sink by 
its own weight "WTien the pistun is raised the foot vaho of tho cylinder opens, and sand 
and water are drawn into tho cvhndor 171160 the piston descends the foot vnlvo closes, so 
that the sand cannot escape, while the valve in the piston opens, allowing the water to pass 
out The piston is raised and lowered tlin-o or four times, in order to fill the pnrap with 
sand , the pgmp is then withdrawn and the sand cleared out ^ If the soil is hard it ih first 
broken by means of a hea\y jnmper attached to tho ropo, and tho debris is reraoicd by the 
sludge pump This system of boring has been used by Messrs Mather and Platt, of Manches- 
ter, in Einling artesian wells to depths of over 1,500 feet, and the deep boring at Umballs 
was made with theirnpparatu« Itis especially nscftil for baring m wet sand, as tho slndge 
pnmp IS filled voiy quickly and removed at once by m^ans of tho rope, the Iieaw iron rods 
being enlirely dispensed with Two pomps should be used, one be.no worked while the other 
IS being cleaned As far as I have seen at present the system does not appear very snitable 
for getting through soft plastic clav, as tho jnmper works it up into “puddle,’’ which can- 
not bo removed by the satid pnrap, Bnt if coarse sand is thrown down the bpre before the 
jnmper is worked, the clay is mixed with the sand, and lumps of the mixture are drawn 
into the pump 

58 In May, immediately after the receipt of the new tools, bonngs were made in 
two of the wells that had been sunk without reaching clay In one well (in Jnitbrs) tho 
mota was reached at a depth of GO feet below the percolation li vel In the second well (in 
Khina Lagar Sabai) tho pipes wore sank 75 feet without reaching clav, and as their total 
length is only 75 feet C inches, they conld not go any deeper They were therefore 
withdrawn 

59, Since then bonngs have been made in the 20 wells that were bmlt 5 feet I igh 
and in nine ippre sites Tlio otyect being to nseerta n whether a spring or a percolation 
well should be made, onlv 40 feet of tubing are used • If the pipes reach clay tliey, arc sunk 
into it nntil no sand is brought up in the elndge pump, and the jumperis then wortvcd until 
it has penetrated 2 or 8 feet of the clav If the clay prove to be thirker than tins tlje pipes 
are withdrawn If no clav is found, or only n thin stratum which cannot form on e(fiaent 
"mota,” the pipes arc sunk SP feet trad then withdrawn 

In 22 out of tlie 20 bonngs clav has been reached witliin 25 feet from the percolation 
level, and at an average depth of 21 feet S inches In the remaining seven the pipes were 
snnk to an average depth of 39 feet 1 inch below the percolation level wilLont findmg 
clay Most of this work has been done since tho rains commenced, and ihe percolation level 
has nsem The depth, therefore, from tho normal percolation level to the clay is less than 
that given 

The 29 bonngs have cost Rs 7G for labor alone, or Its 2-10 per bormg To this 
must bo added the cost of ropes and an allowance for iho wear and tear of tools and pipes. 
This should not exceed Bs 2, making the total cost of a bonng less than Rs 5 

60 Tlie result of the tnnl bonngs has been (o show that in a great part of the tract 
where kneha percolation wells are now made bv the cnliivators a stmtam of “mota” exists 
at a depth very favorable for tho construction of masonw spnng wells This is shown m 
Plate Po II Up to the present “mota” has not been found in Khmn Lagar Sahai and 
Mahaya It is found on the west side of Tigra Bbamora, and m about half of the land of 
Jaithra whioh is debarred from canal irrigation In Bahgon it is found on both sides of the 
tract in which spnng wells are made by tho villagers Bonngs are still m progress, and the 
map will require modification when their resnlts are known 

It IS mteresting to note that the “mota” has been found either wilhm 25 feet from 


Fid* para 61 
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the percolation lerol, or not ^ntllm 40 feet from it It wonld appear, therefore, that the 
stratum rrhich exists nnder a great part of the percolation well tract terminates abruptly 
The- sections obtained m three wells at p, q and r, are given m Ftgs 9 to 11, Plate No V 
The distance from p to r is only 2^ farlongs, but the three sections differ very much 

} t 

Since the bonngs have been made, work has been started agam on the 20 wells 
that were built to a height of 5 feet, and 7 more wells have been started Seven of these ' 
will be percolation wells, and the cylinders of twenty will reach clay 

61 Some new tools and pipes have been obtained for making deep bonngs m the 12 
wells which have been sunb One set of pipes, 120 feet long and S-mch bore, was snpphed 
by the Snpermtendent of the Oanal Foundry, Roorkee , the other, 150 feet long and 2-inch 
bore, by Messrs T E Thomson and Co of Calcutta The pipes are connected by outside 
Screwed couplings, rounded or bevelled, m order to reduce the resistance as much as possible 
"With each set of pipes three steel shoes have been snpphed, so that six smaller sets can 
he made up, each Jong enough to ascertam if the “ mota ” is less than 40 feet from the per- 
colation level or not The sand pumps have been made by Messrs Coen and Co of Agra. 

Borings were commenced with these pipes early this month The 8-inch pipes were 
put down one of the old wells in Jaithra, and reached clay at a depth of 55 feet below the 
percolation level It was intended to ascertam the thickness of the “ mota ” by putting 
an Abyssiman tube well, l^-inch in diameter, down the 8-inch pipe and trying to dnve it 
through the clay But before the 8-inch pipes were properly bedded m the clay, a 
jumper got jammed m the lowest pipe, and as the rope broke it was necessary to withdraw 
the pipes 

They were then put down the well in Khina Lagar Sahai, in which the old pipes had 
been sunk to a depth of 75 feet without finding clay They hove been sunk 80 feet 
below the percolation level and are still m sand 

The 2-inch pipes have been put down a well in Jaithra near the boundary of Khina 
Lagar Sahai, and have been sunk 88 feet below the percolation level without reaching clay 

Thm seams of soft white clay have been passed through m all the deeper bonngs 
that have been made, bat they offer bttle resistance to the passage of the tubes, and would 
certainly not form a good “ mota ” Strata of sand kaokar and of nodular kankar have also 
been nassed through Wheu the 2-inch pipes were sunk 45 feet below the percolation 
level, they went through a stratum of kankar, which was so compact that all the water was 
pumped out of the pipe without drawing any sand into it If the kankar has a sufficient 
area to allow the cavity mentioned in para 24 to form below it, a good supply of water 
should be obtained The sinking of the pipes has been continued below this stratum m 
order to ascertain the depth to the clay 

62 The present state of the work is as follows — 18 wells have been built and sunk, 
and BIX have reached clay Two of the latter are in Jaithra and have been completed, the 
“ mota ” having been pierced , they are 6 feet in diameter The remaining four are in 
Bahgon, and are 5 feet in diameter They would have been finished before this but 
the gang of divers who sank them proved quite useless as soon ns the wells reached clay, 
though they sank them through the sand without difficulty The divers at Khwijapur 
will shortly have finished their work and will bo sent to Bahgon 

Of the 12 wells that are in sand, five are 5 feet and seven arc C feet m diameter 
Bonngs have been made in three of the latter, and in two of them clay has been reached 
within GO feet from the percolation level, while in the third the pipes have been sunk 80 
feet wilhont reaching clay A pipe has been sunk 83 feet in one of the 5 feet wells without 
finding clay 

Judging from the positions of the wells, it is probable that clay will be found within 
60 feet in five out of the seven C feet wells , but no idea can yet be formed of its depth m 
two of tho G feet wells and in the fire 5 feet wells Owing to the clay stratum being 
so much deeper than was anticipated, tho cost of these wells will be greater than was esti- 

D 2 
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matefl, bnt will ts odnsablo to sink iron pipes 5 inches in diameter in all of tho 6 feet 
wells Pipes have been ordered for the two wells in which clay has been fonnd 

As regards the 5 feet wells, only two bnekets can work in them, and it is not worth 
while to spend mneh money on them Unless clay or a compact layer of kaakar is fonnd 
withm 20 or 80 feet from tho bottom of a 6 feet well, an attempt will be made to get the 
water by percolation, and it is possible that BufEaent water to snpply two hackels can be 
ohtamed in this way 

63 The cylmders of 27 wells nrebemg bnilt, and 8 of them have been partially sank. 
^0 cylmders will roach clay, 7 will be sank 30 feet in sand, and wfll ohtam their water by 
percolafaon They cannot be snnk until tho masonry is set. 

64 Bncks have been earned to the sites of 12 more wells, and as soon as tnal 
bormga have been made the wells will bo started Until the tnbe and percolation wells 
that have been commenced have been finished and tested, it is proposed to confine the work 
to places where ordmary sprmg wells can bo made. 

The finanaal year of the Awa Estate closed at the end of last month, bat the ncconnts 
have not yet been made np 



KHWAJAPUR OIRCLE. 


I DESOBIPTION OF THE WELLS HOW USED 

65 The Tillnges of the Khw&j spur Circle are Bio-mi in PZate ^0 in AsprcnoiiBly 
stated, they are situated between the Sirsn and Domana Nadis The soil is generally light 
pUtya or IMr A line of sand-hills runs through the -vullages, and much of the land is 
undulating There is very little tisar 

66 Among the sources of irrigation are the Patna jhil and the Svrsa nadu Khwija- 
pnr 18 situated on the western border of the Patna jhil, and contains some of its tarai 
About 200 acres of the village are assessed as irrigated from the jhil 

Bbamspur is bounded on the south-west by the ■•SrrEa nndi. There is some tarai m 
the village, and 18 acres are assessed as imgated from thenadn 

67 Some imgation is done from two distributanes of the Ganges OanaL The 
Hatdnagan] Distributary passes through a comer of Ohirgawan, and tails mto the Sirs* 
nadi above Shamspur It irrigates a few fields m both of these -villages 

The Lodhipur Distributary passes to the east of the villages, and imgates a few tores 
in Khwfijapur A great part of the land in the Oirele is too high to get imgation from 
these rajbahos 

68-^ Wells form the mam source of irrigation m all the villages, m Ataullahpnr, 
Muhabatpur and Pasyapur Begampur they are the only source The depth from the sur- 
face of the ground to the level of sub-soil water vanes from 15 to 80 feet The water is 
generally sweet, but there are some brackish wells m Chirgawnn. 

A few of the wells receive their supply by Bide percolation, but most of them reach 
the “mota," and are supplied by sprmgs 

The cost of a kucha well is stated by the viUagers to be from Es. 10 to Es 12, 
but from enquiries that have been made the actual cost to the oulbvators appea’n to be 
about Es 6 

The kucha wells last two years at the furthest , most of them fall m the year they are 

dug. 

Hone of them give water for more than one bucket, and m some wells the supply is not 
enough for this 

69 All the wells are worked on the Mt system, two pairs of bullocks being em- 
ployed to one bucket. The rope is attached to a loop on the yoke by means of a wooden pm 
(l-fi) When the bullocks get to the bottom of the run, the driver removes the pm and 
walks up the run holdmg the end of the rope On reaching the top he finds a second pair 
of bullocks -waihng there, and attaches the tope to their yoke By the tune the second 
pair of bullocks have got to the bottom of the run, the first pair have reached tho top 
and are ready to go down agam 

The buckets ore large, contammg from 26 to 86 gallons, Tho cattle are stronger than 
those used in the eastern part of tho Etah Dialnct. 

70 Tho followmg Table, taken from the Settlement papers, gives tho areas of irrigat- 
ed and dry land m six of tho villages — 
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Anui or 

Total 

Total 

Name o£ YiUagc 

Imgated laud 

Dry land 

caltlrntcd 

area 

am. 

Atanllahpnr, .. .. •< 

acres 

125 

ncrcs 

G7 

acrcB 

192 

acres 

210 

Ohirgawan, . .. .. 

1,022 

183 

1,205 

1,297 

Pasiyapur Begampnr, .. 

251 

130 

381 

451 

Shamspnr, . . . . 

440 

594 

1,034 

1,285 

HhwAjapor, . . > . 

507 

134 

041 

764 

Zompuro, . . . 

260 

285 

545 

C04 


2,605 

1,803 

3,998 

4,611 


Bather more than a third of 4he cnltirated land iros assessed ns dry 


In hiB note on Zainpuraj Mr MneConaghey stales that “ this estate is capable of much 
improvement if more cultivators wero^located and a few pnekn ivclls sunk ” The same may 
he said of other villages — especially Shnmspnr and Atanllahpur 


IL THE ABEA IRRIGABLE FROM A WELL 

71 Table lEL gives the aren irrigated danng the last rabi from some spnng vrclls in the 
Elivrtyspar Circle The average area irrigated per bnekot was 7 57 acres from pucka and 
6 85 acres from bucha wells, the average for tho svliolo being C 15 acres 

The villagers say that a pair of bnllocks can imgate 25 kucha bigahs, or nearly 5 
acres of rabi crops Hence one bucket worked by two pairs of bnllocks should imgate nearly 
10 acres Donbtless Hub area can bo irrigated if the well is constantly worked, but Ibe 
greatest area recorded on a single backet well is 6 6 acres 

The average area irngatcd from nine single-bncket pneka wells was 8 11 acres, and' 
from three two-backet wells it was 6 75 acres per bucket 

8 5 acres appears a fair estimate of the area that can be irrigated from a singlc-hncket 
well in the rabi season, and a two-bucket well sbonld imgate 7 5 acres per bucket, or 15 
acres altogether 

72 Tho argnments used in paras 14 to 16 when discussing the urea imgable from 
a well at Jaithra apply equally to the Khwnjnpnr -nllagcs A 6 feet well can take two large 
buckets, and should irngate 15 acres of land in the rabi season The total area imgable 
from n well of this size is 15 acres if the well is situated in gauhan or taroi land, and SO 
acres if it is in the hatha. 

In ootlying lands the two-backet well seemS the best size to bnfld, but in the gnnhan 
and tarai lands a four-bucket well, 8 feet in diameter, will prove the most economical, pro- 
vided, the spring IS powerful enough to supply it 

73 It 13 interesting to note the difference between tho area imgoblo,from a 6 feet 
weU at Jaithra and*from a well of the same sizeiat Khwdjapnr 

At Jaithra the ndgaur system of working w adopted Tho cattle and buckets are 
small Four buckets can be worked in a 6 feet well One backet imgates 3 acres of rabi 
crops, and the well can imgate 12 acres in a season 

At KhwAjapnr the hli system prevails The cattle are stronger and the hnckets very 
large Only two buckets can be worked m a 6 feat well, but one bucket worked by two 
pairs of bnllocks can imgate 7| acres in the rabi season. 15 acres can be imgated from 
the well, or 25 per cent, more than can bo imgated from n well of the same size at Jaithra 
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III THE COST OE IRRIGATION. 


74 The nclaal cost to tlie cnltiTfttors of making a Icaoha "well 18 about Es 6 The area 
irrigated by a lyell in the rabi is rather leas than 6 acres (Table III) Most of the rvells last 
only one year Hence the cost of the irell is about Re 1 per acre irrigated In gauhan and 
tarai lands the cost is Re 1 per anuum , m outlying lands it is 8 annas per annum. 

In order to obtain a fair rate of profit from masonry wells, an enhancement equal to 
double these rates mu=t be levied on the irrigable area Therefore if pucka wells are built 
in places where kucha wells con be made, the cnltivalors must pay for the indirect advantages 
that will acerno from the wells, in addition to the direct gain they will receive by being 
eared the cost of mukmg the kuoha wells (para 18) 

Many of the sites chosen are in places where kucha wells are not made, and then tho 
question to bo settled is simply the difference between the value of “ wet ” and “ dry ” 
laud. 


rV, THE CONSTRUCTION OF MASONRY WELLS. 

75 The “ mota ” appears to be very generally found in sinking wells in the Khwdja- 
pnr villages, and it is probab’e that no percolation wells will bo required Most of the wells 
wUl be ordinary spring wells (Fig 8, Plate No lY ), bnt in some plades tho “mota” may 
prove sufficiently thick to require a small shaft being sunk into it (Fig 4, Plate No, IV ) 
A few tube wells (tig 5, Plate No lY ) may also be required. 

7C The pnnciples that regulate the construction of spnng wells have already been 
discussed , One point, however, which has been mentioned in para 35, threatens to assume 
more importaiiceat KJiwAjapur than it does at Jaithra Whore the strata permit it the 
cisterns shonld be 25 feet deep But if the bottom of the “ mota ” is less than 30 feet 
below the percolation level, the depth of the cistern must be reduced It is necessary to 
fix the mmimum depth of cistern that may bo allowed 

As mentioned in para 35 a great deal of uncertainty exists as to the depth the water 
will fall in a year of drought, and also as to the fall when the well is worked By sinking 
the cylinder 25 feet below the ordmary percolation level, we allow for a fall of 21 feet when 
tho well 18 worked during a dry year If the cylinder is sunk only 15 feet, the water can- 
not fall more than 11 feet altogether, and this is the least amount of fall that should be 
counted on in a two-bucket well Therefore no 6 feet wells shonld be built in places 
where the bottom of the “ mota ” is less than 20 feet below the percolation level If any 
masonry wells ore made in such places they shonld be 3 feet 6 inches or 4 feet in diameter, 
snitoble for only one bucket 

No 8 feet wells shonld be built in places where the bottom of the “ mota ” as less 
than 80 feet below the percolation level, ns the fall of water when four buckets are worked 
will be greater than when only two are employed 

I may mention that an expenment was started at Jaithra to determine the connexion 
between the discharge from a well and the fall of the water surface, bnt it was stopped by 
the early ram The expenment will be made dunug the cold weather 

77 No honngs have yet been made in these villages Tho tools used at Jaithm are 
designed to work m sandy soil, and if tho pipes are not stopped by kanknr, lolwn, or clay,, 
they are often sunk 25 feet m a day But when tho pipes reach clay the progress is vety 
slow 

An Abyssinian tube well, with the dnnog apparatus used by the Royal Engineers, 
has been obtained from tbo Canal Foundry, Itoorkec, bnt it has not vet been tned It is 
probable that this tube, or a modification of it, will prove very useful for testing clay soils 

Y THE COST OF MASO^RT WELLS 

78 In estimating the cost of the WlUs at Jaithra, the average length of tho cylmder 
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Bbore the percolation level has been nssnmcd to bo 14 feet. A.t Khwijapnt it mil be about 
24 feet, or 10 feet longer 

If the cylinders are smifc to tho same depth, the cost of the irclls ot Khirajapnr may 
bo found by adding to the estimated cost of the irclls at Jaithro tho cost of the additional 
10 feet of masonry and of the ertra carthivort required. 

If the cyhndcr is 6 feet in diameter and 12 inches thick, the cost of 10 feet in length is — 

ns 

10 X Es 4-6-6 1 = . . .. .44 

Add for earthnork, cstahliahment, ic., . ..16 

Total Es , . . CO 

By making the cylinder 10 inches thick, the cost mil be redneed to Es 50 

If tbe cylinder is 8 feet m diameter and 15 inches thick, the cost of 10 feet in length 

mil he- 
ps 

10 X B« 7-4-2 = .. .. . .73 

Add for earlhirork, establishment, &c , .. ..22 

Total Es^ . . 05 

If the stcimng is made 12 inches thick, the cost mil he reduced to Bs 80 

79 Adding these amounts to tho figures giveu in para 42, ire ohtam the follomog 
results — 

A 6 feet vrell costs from Es 890 to Es. 425 according as tho Cylinderis 10 or 12 inches 
thick 


An 8 feet irell costs from Es 585 to Es. 650 according as the cylinder is 12 or 15 
mches thick. 

As in the case of the Jaithra wells, the cost of on 8 feel well is about half as much 
sgain as the cost of a 6 feet well 

SO A 6 feel well in the harhn can irrigate SO acres and if the enhancement is fired 
at Ee 1 per acre, an annual profit of Bs 30 mil be obtained from the well If tho well 
costs Bs 425, the rate of profit will be 7 per cent 

An 8 feet well in gauhan land irrigates SO acres, and if the enhancement on the land 
15 fired at Bs 2 per acre, an annual profit of Es 60 will ho obtamed If the well costs 
Es 655, the rate of profit will ha 9 2 per cent 

81 The cost of a sprmg tube well may be found by nddmg the cost of the ertra 
10 feet of the cylinder to the figures giren in paru 47 

If tho minimnn rate of profit is fired at 6 per cent, the cost of a 6 feel well must not 
exceed Es 600, and of an 8 feet well Rs 1,000 


YL BEPOET OF ‘WOEK DOEE AEE IN PEOGEESS 

82 Tito 6 feet wells hove been completed One of them was sunk 22 feet and the 
other 17 feet when the “mota” was pierced There are about 4 feet of clay below 
the curbs 

Two 6 feet wells have been partially sunk. One cylinder, 7 feet G inches in diameter 
and 12 inches thick, has been bmlt to a height of SO feet, bnt has not been sunk. Sir 
curbs of tbiB size have been made, but tbe cylmders are hardly large euongh for four 
Urge buckets, so the curbs ore now bemg made S feet in diameter 

Twenty-five wells have been dng to the percolation lerel, and all of them wonld have 
been, started had not tho bnck-buming failed Two contiactora agreed to supply 6,00,000 
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■bnoks before the Slat May, at Es 12 per 1,000 for first class, and Rs 8 per 1,000 
for second class bnoks For bncbs supplied after tbis date, the rates vrere to be reduced by 
Re 1 per 1,000 for cacb class of bricks Hot more than 26 per cent of the total bncfca 
supplied were to bo second class The mean dimensions of the bncks is 12' x 6’ x 8' 
The contractors moulded 5,00,000 and burnt 8,00,000, but by far the greater number of the 
latter have turned out pda, and out of the bncks intended for 6 feet cylmders, only enough 
to bmld four ■wells were obtained Most of these are second class, and the wells har# 
therefore been plastered mside 

Arrangements have been made to bum the bncks in Bull’s kiln by petty contract 
and daily labor, and some wood on the canal has been purchased for the purpose As soo** 
as the bnoks are ready more wells will be commenced 


J4ih October, 1882. 


vr J WILSON, 
il»sistanf Engmttr on Special Dvtg 
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Table I —Shomnff area irngaiti frort Spring TTelh tn ione mllaga of the Jaiihra Circle, Atca ^laU, tui 
Ml, 1881.S2 


De!-CBIPTIOS op Weix. 

Isame of village. 

JTnTnber 
of wells 1 

Kmnber 
of bccketJ 

1 

1 4rci 

1 imgatei 
j in acres. 

KrtZACz Jim ^ 
IRCICATEU 

Peeks 

orKoeba. 

Kmober of 
bnctets worked 
on each welL 

Dfptli from , 
ground to water 

ID well. 

Br era 
welL 

1 Bt ci* • 
j baOe- 



1 Feel 


1 1 




■I 

Pneta, 1 

4 

11 and 17 

Baligon, 

1 2 

8 

14 35 

718 i 

■B 

? • 

4 

' 12 

Jaillim, . . 

1 

4 

523 j 

629 1 

IB 





3 

12 

19 C4 ! 

ma 

1 64 

! 

T> 

2 

7 and 17 

Baligon, 

5 

10 i 

18 93 j 

1 3 78 

189 



Tola] 

Pneka rrclls, . « i 

H 

22 

38 67 

f 1 

1 .. 1 

1 1 75 . 

1 

Socha, 

2 

10 and 14 

Bakgon, 


■Bl 

72 07 

515 1 

1 257 

1 

1 

1C and 11 

Bshgon, 



31 24 

2 84 j 

! 2 84 ’ 

n • • 

1 

^ 12 

JaitLra, 

■b 

■Byl 

1 94 

1 94 j 

1 194' J 





12 

i 

33 18 

j 2 77 1 

! 2 77 ' 

1 



Total 

Knclia irdb, . . 

IHMi 

i 40 

105 25 

' .. 

1 , 

[ 263 ; 




Grand Total, «. 


1 C2 

143 82 

i i 

i ^ 

2 32 


Table l\.—SItming area trngatei from Fereolalion Welle in tore nllagei of the Jaif-hra Circle, Jica Etlale, - 
Fuel Bah, 1S81-82 


Descbiphov op Weli. 

Same of Tillage, 

bomber 
of wells 

■Snmbtr 
of Irnckets, 

Area 

impaled 
ID acres. 

Avzeuce aeea. 

IBEIGATED 

Pacta 
or Kncha. 

^somber of 
backets worked 
on each welt 

Depth from 
gren^ to tratT 
in welL 

Brone 

welt 

j Broctt 
j bndect 




Feet. 







Pneka, 

• • 

2 

10 and 15 

Jaithra, 

3 

6 

1615 

5 58 

2 69 


• • 

1 

9 and 11 

f} 

15 

15 

54 10 

3 61 

3 61 

Jf 

• • 

1 

IS 

Khina Lagar Sahai 

1 

1 

1 23 

1 23 

1-23 






IG 

IG 

55 33 

3 46 

3 46 




Total Pneka wells. 


22 

71 4S 

#• 

3-24 

Kncha, 

• • 

2 

13 

Jaitlira, 

1 

o 

2 05 

2 05 


91 

* 

2 

11 

Mahara, 

1 

2 

4 70 

4 76 

i 238 

JJ 

- 

2 

10 and 12 

Kliina Lagar Saliai, 

4 

8 


3 49 

1-75 

97 

• • 

2 

18 

Tigra Bhanjoia, , 

0 

4 

15 15 

7 57 

3 79 






8 

10 

35*94- 

4 49 

2 24 

Kncha, 

• * 

1 

1 and 18 

Jaithm, 

21G 

216 

60n 79 

2 73 

2 78 

J» 

9 * 

1 

10 and 18 

Khina Lagar Sahai. 

36 

36 

S2 92 

2 30 

2 30 


• 

1 

10 and 11 

Alahara, 

16 

16 

51 19 

3-33 

3 33 

n 

9 9 

1 

9 and 11 

Bnhgon, 

3b 

36 

116 26 

3 23 

3-23 

9) 

• * 

1 

10 and 11 

Tlgra Bhamora, 

14 

14 

42 48 

3 03 

mSm 






318 

318 

896 64 1 

2 32 

2-S2 




Total Kncha wells. 


334 1 

932 53 

• 

2 79 ' 


— 



Grand Xo(a], , 

• • 

356 ll,004 06 

1 


2-82 
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Table TTI —Showing area irrigated from Spring Wells in some villages of the Khwdjapur Circle, Awa Bslaie 
Fasl Bahi 18S1-82 


Description op Well. 

IRRIGATED 

NameofYUIage. ofbn^kets 

^ in areas. By one By one 

wdL bucket. 


Description op IVell. 

Pneka or 
Kncha. 

Number of 
buckets worked 
on each well 

Depth from 
ground to water 
in well. 


Pucka, 


Kuoka, 




18 

12 and 16 
31 


BegampuT, 

Pasynpor, 

Khwdjapur, 


Rdmpnra, 

Khwdjapur, 

Zainpura, 



20 and 22 Cltirgnwan, 

21 Faiidpur, 


Total Pucka wells. 



16 and 20 
18 and 27 
18 

9 and 10 
15 and 24 
13 and 22 
18 aud 28 


Edmpnra, 

Atunllahpur, 

Pasyapur, 

Khwdjapur, 

Cliirgawan, 

Zauipura, 

Fandpnr, 


Total Kucha wells, 
Grand Total, 


Table IV — Showing the loss of head in pipes of different diameters 



of pipe 
in inches. 




Velocity of 


wnter m 

Head due 

feet per 

to velocity 

eecood 

= A 


Loss of head 
at the two 
ends of tho 
pipe = 1 6 A 


Loss OP HEAD DUE TO FRICTJON IN TOTAL LOSS OP HEAD IN 


Valuo of e 
for incrusteU 

pipCA 


J foot of 
pipe 


60 feet of 
pipe 


1 00 feet 
of pipe 


SO feet of 
pipe. 


Discharge = 900 cubic feet per hour = 0 25 cubic foot per second 


Discharge = 1,800 cubic feet per hour = 05 cubic foot per second 


100 feet of 
pipe. 


6 10 

0 40 

0 61 

0 0133 

0 0857 

4 29 

8 57 

4 90 

9 IS 

2 87 

0 13 

0 19 

0 0125 

00191 

0 96 

1 91 

1 15 

2 10 

1 84 

0 05 

0 08 

0 0120 

0 0060 

0 30 

0 GO 

0 38 

0 68 

1 28 

0 025 

0 04 

OOlIT 

0 0024 

0 12 

0 24 

0 16 

0 28 

0 32 

0 002 

0 002 

0 0108 

0 00007 

0 004 

0 007 

0 006 

0 009 



10 19 

1 61 

2 44 

0 0133 

0 3428 

17 14 

34 28 

19 58 

5 73 

051 

0 77 

0 0125 

0 0765 

3 83 

7 65 

4 60 

3 07 

0 21 

0'31 

0 0120 

0 0240 

1 JO 

2 40 

1 51 

2 55 

0 10 

0 15 

0 0117 

0 0094 

0 47 

0 94 

0 62 

0 64 

0 006 

0 009 

0 0108 

0 00027 

0 014 

0 027 

0 023 


36 72 
S 42 
2 71 
1 00 
0 03C 


















































PLATE No I 


REFERENCES 










CONSTRUCTION OF WELLS IN THE AWA ESTATE. 

MAP SHOWING THE DISTRIBUTION OF “MOTA" IN PART OF THE 

JAITHRA CIRCLE 
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CONSTRUCTION OF WELLS IN THE AWA ESTATE, 
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NOTE 


05 THE 


CONSTRUCTION OF THE MORAUABAU WELLS FROM 
THEIR INCEPTION IN DECEMBER 1879, TO THE 
TRANSFER OF MR. MEARES IN AUGUST 1882, 


1 On the receipt of Mr Wnght’s Eeporton the Oonstructionof State Welkin CawH- 

pore, Mr Buck in his corering letter to GoTemment No. of June 19lh, 1879, 

urged that the expenmentB proposed hy Mr Smeaton in the Hasanpnr pargana (Morada- 
bad) should be earned out under Mr Alexander’s anpemsion, and that further expenments 
under the same supemsion should if possible be made on some adjacent tract where water 
was near the surface. 

2 The suggestion made by Mr Smeaton in his No 858 of April 17th, 1879, was 
that a score or so of villages on the sandy plateau of Hasanpnr should be provided with 
wells — 

(1) — Aa n seennty against landlord rapacity and oppression 

(2) — As an insurance against famme. He further hoped that they might bo the 

means of mtroducing a system of water-lift, which he had modified from 
an apphance m use m Southern and Central India He found from ac- 
tual experiment that whereas with the ordinary native lift only 1|- of an 
acre had been imgated by 16 bullocts and 12 men m 12 hours from a 
depth of 19 feet, with his improved lift, acres could be watered from 
the same depth and the same time by 2 men and 2 buckets The ex- 
periment was one which in itself demonstrated the necessity of making 
invesfagations which shonld throw more hght on the elementary prohlems 
of well irrigation, as though, allowing 2^ inches for the depth of a water- 
mg, the results of the experiment with the native chunrus were reasonable 
enough , to secure the result reported by Mr Smeaton for his lift would 
require that each bullock should lift 8 8 foot tons per mmute, or 56 
horse-power, which is altogether moredible 

3 On November 10th, 1879, the Director of Agncnlture was aulhoneed by tel^rsm 
from the Board of Eevenue to settle detaik with Mr Alexander, the Settlement Officer of 
Moradabad, and m a communication dated two days later, Mr Back reported to the Board 
that ho had met Mr Alexander, who wonld undertake the work m comhmation with 
Mr hnik, an engmeer of the Department of Pnblic Works In this letter, Mr Buck asks 
for mstructions as to whether he is to contmue to exercise supernsion over the work, and 
makes a suggestion, the full value of which seeins at that time hardly to have been appre- 
ciated, i e , that some attempt shonld be made to get bonng took which would show 
whether or no wells could be constructed 

4 On December 9th, 1879, Mr Milk jomed at Moradabad, and a few days later 
Mr Alexander reported that the work of collectmg matenals had commenced Eods, 
augers, pipes and a crab-wincb were provided from Eoorkee for bonng operations 

5 The nature of the objects to be auned at was described lu some detail in Mr 
Buck’s letter of December 12th, 1879 

The object of Government (he says) is to ascertain how in each locahty wclk can be 
most conveniently constructed, and what arrangements between cultivators and zemmdars 
are most smtoble What is desired is that these expenments should enable Government 
to frame a scheme for general adoption The special points on which information is 
wsuted arc — 

No 3141 
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(1) — What rental retan oclnally is oblained for the adnmUgo of irell xm- 

gabon 

(2) — Wliat area is imgaHe from each srefl, 

(S) — ^What increase of rerenne can be expected at next EelUement, and on nhat 
terms shonld the assessment he made 

5, Petals Of Oopstroction irere to be fettled w -ponsoltation ititlj the Engineer, and 
it was important to extend the experiments to tracts irhere rrater rras nearer the snrface 
than it ^ras at Hasanpnr In a enbse^nent letter (Jannary 3rd, 1880) Mr Back masts 
that, as the expenmenls are not loccd but provincial, more than one hind of well shall be 
constmeted The Engmeer shonld have fnll latitude to constmet any tmd of well that had 
& pnrid faae prospect of success Ho ogam hopes that a tract may he found where water 
Is much nearer the surface than at Hasanpnr, and where cnlbvators, whfle wiUmg to use 
theni) ?ire tmable to construct permanent wells. 

7j. Hr Alexander on his part made a number of suggestions, the most important 
jof ffhich are found m his letter to Hr Buck of Jannaiy ISlh, 1880 Hp there proposes 
•to bnfld 50 .(presnmobly) font bucket wells at an estimated cost of Es 650 each, allowing 
nothmg for cost of snpemsion These wells were to be distributed into the foBowmg 
Hasses 

(a) — ^Twenty wells — the Eemindar* were to buy them ontngbt by payment of 
the cost of constmction in a Inmp snm or by instalments, interest at 6 
per cent hemg charged on outstanding balances. 

(5)^Fonrteen wells — the aemindars were to manage these and pay interest only 
on the cost of eonslmcbon, with opbon of purchase at any time. In this 
case the mterest was to bo 8 per cent payable for a miniinnm period of 
20 years 

(e) —Eight wells Government was to have the management, and the zemindars 
to guarantee Government a certam mcome as long as the wells were 
kept in working order The income in this case was to be 5 per cent 
on the cost of construction, and as Government bemg the manager, 
would take nU the mcreased rents secured by the wells, the zemmdais 
would onlv be called on to pay the gnarantee m the event of the wells 
proving a finanaal failure, a result of which there appears to have been 
no presentiment 

(d) — ^Eight wells were to be built as a pure cpecnlabon and without any 
guarantee. The two latter suggesbons appear to be explained by a 
passage m a prenons commnnicabon, m which Mr Alexander proposed 
that a certain number of wells was to be built for cultivators, and crop 
rates, analogous to those charged for canal water, collected by tbg 
Tahsildar There is no anggeshon as to how Gorernment was to 
acquire the laud He urges that unless a large number is constructed , 
the experiment will be mcondnsive, and adds: the mam object will be 
gamed if a certain tract is protected from famine and actual loss avoided, 
and that an ail round retnni of 5 per cent would be very satisfsctoiy 

8 Thronghont the eaiher stages of this experiment three entirely different and not 
eas il y reconcilable views of what was to be its aan seem to have held the ascendancy m 
turns. 

(1) —Tie wells were to protect this particular tract from famme 

(2) —They were to be made as a commercial speculation 

f3)“’They were to enable Government to ascertain by acinal experiment on 
what terms and un d e r what conditions it could hnild wells all over the 
Provinces 

9 Mr Buck applied for a grant of Es 25,000 for the Hasanpnr wells, and Bs 5,000 
for the wells which were to be constructed in a tract of high water level, and the Board 
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BStJCtidned Ra. 15,000 toba epaat dittnag'the cnrfent f66t, ifistrtifttiiig Buck to formab 
on estimate of what would be required in the ensniug year for inclusion m their budgef 
They farther directed that the rate of mterest chargeable to zemmdars ahould be 6^ per 
cent This ruling was subsequently modified by Government, which authorized Mr Alez- 
Mder to charge at his discretion any rate between and 6^ per cent , pronded that 
arrangements were made for the recovery of the pnncipal within 20 years In a letter 
dealing with this point Mr Buck remarks that 5 per cent will be too low a rate to charge 
for mterest, as Government will undertake repairs 

10 On January 30th, 1880, Mr Alexander was authorized by Mr Buck to con- 
etrhet 25 wells in any case, and 25 more if they did not mterfere with hiS project of bufiding 
Oipenmental frells on the tracts of high water level , and the experiment was thus com-* 
tneuced — in the joint charge Of Messrs Alexander aUd Mills, and under the general super- 
vision of Mr Buck 

11 The money advanced was placed, by fhe order of GoVemMefit, at the Credit of 
Mr Alexander at the Moradabed treasury, and not at the credit of the supervising depart- 
ment The Accountant General was directed to pass disbursements On the Settlemetit 
OfScer’s order 

12 Mr MiUs was m charge of the efigmeenng prtrt of the work for about five months' 
He fell ill, and went on leave some time in May 1880 The exact date of his giving over 
charge has never been ascertained Of what was done daring that period there is no very 
clear record, but I can say from what I learnt when at Amroha m October last, that there 
had been considerable actinty m the direction of engineering experiment The first diffi- 
culty to be encountered was one which has mot even yet been overcome, and which while it 
has been fatal to the financial success of the undertaking, gives it its whole value Os d pure 
dSpenmeut It was found that, whfle the wdter level was very mneh higher than appears 
to have been anticipated, m fact so near the surface of the ground, that any experiments 
With Wells at higher water levels were quite superfluous, in the groat majonty of cdses no 
clay could be reached -except at enormous distances, if at dB, and it became abundantly 
evident that to construct a remnnerative well on the ordinary pnnciples was a sheer impos-, 
Bibility It then occurred to Mr Mills that an effective well might be constrnoted by 
Binkmg a masonry cylmder m the sand to snot a depth as to allow for the free play of the 
bucket m periods of maximum exhaustion, and that the supply of Water might be obtained* 
through a tube sunk from the bottom of the well till it reached and pierced the clay stra- 
tum To test these news a tube was sunk m an old and exhoosted well belongmg to 
Ghulam Chisti Khdu, at Hasaupur, to a depth of 77 feet below the ground and iA feet be- 
low the percolation level At that depth it tapped the clay, and as an immediate result 
the well, which had hitherto been nearly empty, received a copious supply of water Suc- 
cess seemed assured, and the only problem left to solve WUs the proper diameter of the 
tube, and the cheapest and most durable matenal It was not till nearly two years 
later, in October 1881, that the experiment was discovered to be mconclnsivo 

18 As iron was too dear to be used with any prospect that a well built with i£ Would 
pay mterest on cost of construction, expenments were made with other materials Seg- 
mental bncks, or clay tubes sunk mside an fron tube, which waS afterwards to be withdrawn, 
were tnod without snccess Proposals were made to fill the iron pipe with coarse sand and 
then Withdraw it, or to smk a very thin and roeipcnsive iron pipe and leave it in the well. 
With a clay pipe inside to strengthen it Eventually it was determined to adopt a sugges- 
tion made by Mir Muhammad Muhsm KhaU, the very mtelligent zemindar of Amroha, to 
sink pipes of gular wood, which he bored at bis oWn honso by a very ingenious machine 
invented for the purpose by bunself 

14 There is no clear record of the amount of work done dating the five months 
when Mr Mills was in charge It appears that a large supply of bncks bad been burned, 
a few bormga been made, and, as mentioned above, the lube sunk m Gbulam Chisti’s old 
well, and a considerable number of expenments made with different kinds of tubing 

15 On Mr Mill’s dcparloro Mr Alexander was left in sole ebarge wilbcnt any pro- i 
fcssional -assistance, except that of a native Sub-Overseer on Rs 25 Jicr mensem,- of whom 
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it was Eabsequently reported that he was old and inefficient, and had neter done anything 
Int desk work. 

IG On May 25th, 1880, Mr Alexander reported further difficulties on his side of the 
undertaking The zemindars in many cases had atnbbomly refused to enter into any en- 
gagements for the repayment of the money to be spent, and were wflling if not anxions to 
see their tenants mined He made two new proposals Either the cost of the wells should 
be made repayable in 12 yearly instahnents, and made an addition to the revenue at which 
they had recently been assessed, or the zemindorB should be compelled to collect crop rates 
from the tenants benefited by the wells, and receive a small percentage for their trouble. 
Mr Wnght, who then officiated as Director, forwarded the proposals with the remark that 
both at Cawnpore and m Moradabad zemmdars showed an unconquerable objection to the 
construction of wells by the State, and a recommendabon that compulsory measures should 
be resorted to The Board, however, negabved both Mr Alexander’s proposals, and di- 
rected that where the zemindars agreed, bonds should be taken, and where not, the cases 
should be reported They had already demanded Mr Alexander’s final Keport and thje 
Director’s renew of it. 

17. The first regular Progress Eeport was sent in by Mr Alexander on August 24f h, 
1880, and the state of the undertaking at that time was as follows . — Fifty wells had been 
projected — 29 m Hasanpnr — 18 m Amroha, and 3 m Sambhal— of these one, the old well 
lb Hasanpnr Klas, of which menbon has been made, had been completed , in two other 
old wells a tuba had been sunk to nearly a sufficient depth; a fourth old well had been 
sunk to 18 feet beyond its original depth. Of the temiinder, 15 or 16 feet of masonry 
had been built and sunk in three , the same height of masonry had been built but not 
sunk m 18 , in 23 the bncks and curb were ready, the pits dug for most of them, and m 
soma buildmg commenced, m others delayed for want of lime. For three, the enrb only 
had been made, for one other, the curb was bemg made of three, those m charge of the 
zemmdar of Keshopur Bhmdi, no details are given. The arrangements with zemindars 
were not fully completed, and are more fully reported in Mr Alexander’s next detailed 
commmucaboa. 

18 In the same month Government gave the important mhng that the Eugmeer’s 
pay was not to be charged to the Government advance for wells A small sum, the exact 
amonnt of which was left to the Settlement Officer's discrebon, was to be added on tha 
account to the money repayable by the zemindars, as otherwise the real cost of constmebon 
would not be known, and one of the principal aims of the expenment would be defeated. 

19 Mr Alexander, with his assistant Mr Darrah, had been m the constant habit all 
through the hot weather and rams, of dnvmg to the well tract, the nearest point of which 
was 25 miles from the stabon, whenever a Sunday or hohday released them from the pres- 
sure of their regular work. But the wells themselves were scattered over a very large 
area, the best supervision a civilian conld give would be litOe better than fnfale, and m an- 
swer to Mr Alexander's urgent appeals Captain Bellasis was appomted, and took over 
charge of the engineenng part of the work on December 25th, 1880 

20 On the first day of 1881, Mr Carmichael visited Bajabpnr, Hasanpnr and Am- 
roha, and mspected the wells which were m course of constmebon m that neighbouiiood. 
He found that the quesbon of material for tubmg was still undecided. Iron, earthen- 
ware, and gnlar wood were all bemg tried at the same tune m different wells Nabves 
were watchmg the experiment with mterest, and Mr Carmichael had no doubt that a large 
number of applications for wells would ha the result if it succeeded. Mr Carmichael indi- 
cated as the weak points of the experiment that Mr Alexander had been under the mistaken 
impression that he was justified m resorbng to compulsion, and that the wells were scattered 
over far too wide an area. 

21. In connexion with this visit, Mr Alexander drew np a second Progress Beport 
explainmg his acbon, and again commenbng on the hoabhty of the zenundars, which he 
a ttnbnted mainly to what was no doubt one of the chief causes, the commntabon of their 
tenants’ rents from gram to cash payments, which was then in progress under his orders 
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22 The arrongementa for repayment of the money TThioh tos to bo spent were as 
follows — 

(а) — For seventeen wells, Mir Muhammad Mnhsm Khta engaged to pay the cost 

estimated after completion, provided that it did not amount to more than 
Es 4.00 per well, with 5 pet cent on outstanding balances withm 12 
years Interest to run from the date of the bond 

(б) — Bonds had been taken from Ghulam Chisti Khdn for nine wells The penod 

in this case was 10 years for three wells and 12 for the remainder, and 
there was a slight difference in the method of calcnlatmg the pnnci- 
pal sum 

(c) — In eight cases bonds were taken from the neighbounng cultivators who used 

the wells They were to repay the consolidated pnncipal and interest in 
20 years by annual mslalmenls 

(d) — In three cases annual water rates were accepted by the neighbounng cul- 

tivators 

(«) — The actual money advanced to the zemindar of Keshopnr Bhindi was to be 
recovered m 15 years. Interest at 5 per cent, and the principal being 
consolidated Government incurred no responsibility for the constmotion 
(/) — Four were Government property or in Court of Wards, and for one it had 
been found impossible to come to terms with any of the inhabitants, and 
Mr Alexander eventually paid its cost out of his own pocket. 

23 At this time the distinction is at first clearly drawn between the (about) 26 
which were bemg constructed by contractors under direct supervision, and the 20 which were 
being made under the snpenntendence of the zemindars The latter were the 17 under- 
taken by hfir Muhammad Mnhsm Khdn, and the three m Samhhal 

24 The Progress Report up to the tune when Oaptam Bellasis took over charge shows 
the following results of the first year’s operations on the wells under direct Government 
supervision — 

(а) — Completed with tube — one This was the old Hasanpnr well 

(б) — CyUnder completed and tube partly sunk — one 

— Cylmder completely built and sunk but no tube — four 
((j) — Cylinder partly built and sunk — fourteen 
(<) — Bncks collected — four 
(/) — To be abandoned — one. 

25 During the cold weather of 1881 Mr Alexander, who may be regarded as the 
ongmatoT of the experiment, and who had been in charge since its imtiation, went on leave 
Oaptam Bellasis also left the work after he had been in charge for nearly four months, 
and the prosecution of the experiment was left to Mr Meares, the Executive Engmeer of 
Moradabad, who took over charge from Captain Bellasis on Apnl 17ih, 1881 

26 His first notion was to send m a Progress Eeport which showed the foUowmg re- 
flults for the wells under direct supemsion 

(a) — Completely finished — one at Hasanpnr 

— Cylmder finished and tube snnktowhntnughtbo a snfBcient depth — three 
) — Cylinder finished and pipe partly sunk — two 
— Cylinder finished but no pipe — ^nme 
(tf ) — Cylinder partly built and sunk — seven 
— Cylinder partly built hut not sunk — tiro 
) — Ko work done — four 

This list includes two wells which arc not found in Mr Alexander’s Progress Eeport 
They never advanced beyond the stage of collecting a few bncks 
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27 Mr Meares tatained sole charge of these wplls till September 27th, 1881. When 
on his representation that his ordmary distnct duties interfered with their proper Enpcrri- 
Eion, Mr Sub-Conductor Edwards was sent to take pver the work under Mr Meares’ orders 

28 During the last fortnight m October 1881 1 inspected as many wells as were 
sufficiently advanced to admit of being tested in the company of Mr Wilson, the Depart- 
mental Engmeer 

The work np to that date had accomplished the following result — 

(a) — completely fimshed — twelve 
( 6) — Oyhnder finished and clay pipe sunk and broken off — one 
( c) — ^Masonry fimshed and only tube wanting — four 

(d) — Masonry partly built up and sunk — six. 

(e) — Pit only dug — two 
(/) — Not commenced — two 

29 The woUs reported as finished were tested by Mr Wilson and myself by the 
Eimnltaneons use for about li to 2 hours in each case of a bucket holding about 25 gallons, 
and a Oawnpore farm pump The amount of water drawn was about 500 cubic feet in the 
hour, and m only one case did any well show signs of exhaustion As far as the water 
supply went the result was perfectly satisfaetoiy, and showed the possibility of imgating 
the area estimated by Mr Alexander, i e., between 20 and 80 acres for a two bucket, and 
between 40 and 50 for a four bucket well 

50 Three only of the wells had reached the clay stratum One of these had not 
been sunk to a sufficient depth to provide n sufficient supply of water 

The other two not only supphed ample water, but were perfectly free from any in- 
vasion of sand They were absolute successes 

51 But m the romammg eight, which may be taken as typical of the wells over the 
whole tract, a defect was disclosed which docs not appear to have been anticipated, and 
which, unless remedied, would prove fatal to their utility The cylinders rested on sand, 
which, when the water was drawn, rushed in, and filled them np to a depth which ranged 
from 2 feet G mohes m a well which was only tested for nineteen minutes, to as much as from 
4 feet 8 inches to 8 feet 3 mches in those which had been tested for longer penods It was 
not clearly ascertamed how much of this sand came up through the pipe, but it was plam that 
the greater part, if not all of it, came from under the curb, and that the work of only a few 
days would leave the cylmders suspended over a vacuum in which they must very soon be 
engulfed 

32 The first step necessary was therefore to plug up the bottom of the wells m 
such a manner as to exclude the sand When that had been done, it remamed to be seen 
whether the pipe itself would not bring up sand enough to endanger eventually the safely 
of the wells Mr Meares, who accompamed us for the greater part of tlie time in which we 
were engaged on the testings, thought that a plug of kunkur in layers of graduated sixes might 
act as an effectual sieve, admitting water bat excluding the sand This experiment was sanc- 
tioned, and on December 18tb, 1881, at the suggestion of Captain Clibbom, I directed that 
the further experiment should be tned in one well at least of plugging it with an imper- 
meable layer of concrete, thereby leaving the whole of the feeding to be done by the tube 
The tnbmg then being used was the gulor wood pipe made by Muhammad Muhsiu Khdn, 
and of 3-mch diameter It appears to answer well, but it remains to be seen how it will 
stand the test of time 

33 In December 1881, Mr Meares reported that he was not satisfied with the work 
done by Mr Sub-Conductor Edwards, and suggested that he should be sent to his ordmary 
duties, Mr Meares being relieved of his distnct datics and put m exclusive charge of the 
wells The arrangement was sanctioned, and came into effect m the begmnmg of February 
1882 

34. Early in Pehmary Mr Meares reported that he was in want of funds It was 
necessary to make some engumes relative to his statement of acconnts, bnt in the meantime 
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Ka 2,000 were sanctioned by tbe Board of Eevenne in March to prevent the work coming 
to a standstill 

35 On Apnl I4th I received an order from Government directing me to close 
the wells by the end of that month current I ventured to give reasons why this order 
should be reconsidered, and received at once assurances that this should be done, 
assurances which were earned into effect by Government Order 715 of May 8th, 1882 
In Government Order 9G7 of June 7th, 1882, it was ruled that the extra expense of Es 600, 
which had been applied for by Mr Menres might be sanctioned on the understanding that the 
wells should bo completed for that amount But in the meantime the Board of Eevenne 
had forwarded the earlier order direct to the Collector of Moradabnd, with instructions that 
all work on tbe wells should be closed by Apnl SOth The first news I received of this 
was by a letter from Mr Meares informing me that he had already taken charge of distnct 
work I at once addressed the Board, and on the urgent representations of both Mr Tracy 
and Mr Meares, it was agreed that he should retain charge of the wells as a part of his 
ordmary distnct work, an arrangement which had already been sanctioned by bis Depart- 
ment when his connexion with them began a year before Things remained on this footmg 
till the middle of August, when a pnvate communication from Mr Meares to the effect 
that he had been transferred from Moradabad was ogam the first intimation I received that 
the continuity of the experiment was threatened He left tbe work under orders from the 
Chief Engineer some time lu the Inst week of August, and this is a convenient date to 
bpng the history of tbe expenment up to 

86 It remains for me to revert to the Engineenng part of the operations Early in 
Apnl, Captain Clibbom visited the wells at my request, and reported that he had tested 
two wells Tliat at Eajohan, which had reached clay, and which was tbe only one except 
the old Hasanpnr well, which Mr Wilson and I had found to be perfectly sncoessfnl when 
we tested tbe wells in October, was subjected to a severe strain for nine bonrs and showed 
no signs of exhaustion or subsidence Our conclusions were fully confirmed by this 
second trial, and it may bo accepted as a complete success 

Tbe second well, at Chak Dhanori, had been fitted with a ballast ping, and was, as 
Mr Meares told Captain Clibborn, fairly typical of the class of wells which bad been sunk 
This too was severely tested for nine hours, and the result proved conclusively that the 
ballast plug was useless as a sieve to pass water and stop sand The well began to crack 
an hoar after the drawing was commenced, and in five hours bad sunk 1 foot 5 inches into 
the ground Before the end of the tnal it was choke full of sand, and no water came m ex- 
cept a little through tbe tube, and that, it is interesting to remark, was still perfectly clear 
and free from sand. Tbe whole of the sand then must have come from under the curb 
through the ballast plug The cylinder had subsided, leai ing the ballast plug m its old 
position as far higher within the cylinder os the cylinder had sunk into the ground 

Captain Clibbom farther reports, that Mr Meares found it beyond liis power to bring 
the accounts from the beginning of tbo operations into an mtelbgible form 

37 On this rcport^Ir klearcs was again directed to try a concrete bottom, and tbe 
Examiner of Public Works Accounts was asked to put a trained accountant at lus dis- 
posal for as long as the clcarmg of iho accounts might require him Tlie accountant 
jomed Mr Meares on May 1st, and submitted a detailed account on August 1st I have 
omitted to say that in April, when the question of advancing more funds came np, 1 had 
directed Mr Meares to abandon two wells in which only a little work had been done np 
to that time The number remaimng under Lis direct superintendence was 23 

38 On May 4tb, Captain Clibbom made a second inspection of the wells, and with Mr 
Meares sunk a concrete plug 4 feet thick in the bottom of tbo Cbak Dbanon well, effectually 
closing all entrance cither of water or sand except through the pipe He further tested 
the Majliola well, in which Mr Wilson had fonnd that though it reached tbo clav, llie supply 
of water was insufficient Since then the bottom bad been strengthened and the pipe dnven 
further in with the effect of entirely remedying its previous aborlconung It gave 3,G00 
cubic feet in 6^ hoars 
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89 It took three "(Teeks for the concrete in the Chak Dhansn well to harden, and 
on June 30th and 4th, four testings Trere made nnder Mr Mcares* personal snpemsion 
The results were as follows — 



Time. 

1 

j 

drawn. 

Deduct for reduced 
content of well 1 

1 

Delivered through 
tube. 

1st testing. 

1-15 

441 c ft 

808 c. ft 

133 c ft 

2na „ 

2-0 

962 5 „ 

448 „ 

514 5 „ 

Srd „ 

8-0 

906 „ 

450 „ 

456 „ 

4th „ 

1-5 

619 

448 „ 

171 


The testing, especially in the fourth cspemnent, when 531 5 cnhic feet were drawn 
in 50 minutes, was much more severe than previous cspenments would have justified, bnt 
the result was not discouraging Ho sand came into the well, and only 2 feet G itiches 
mto the 80 feet of tube Neither tube nor cylinder were m the least disturbed f The only 
result which was not wholly satisfactory was that the water supply had been jronsiderably 
diminished The well, which was G feet m diameter and was intended for t^o buckets, 
only gave a discharge of about 1,500 cubic feet m the day, which is not mi^ than what 
would be taken out by a single bucket by a not very efficient cultivator J 

40 On June 29th, Mr Meares again went to the well^j and set testin^^j going, which 

were contmned for three days after he had returned to Moradabad On day no 

sand came into the tube— on the second only trifling amounts These c> xpemnents were 
conducted m his presence On the fifth day (July 8 rd), when ho was nc^^ there, a most 
surprising result was reported— 350 buckets, or about 1,225 cubic feet, i ju fonj 

hours, no sand came up while the water was being drawn, bnt when opera,'^ gTispaid- 

ed there was a sndden rush which filled up the tube and one foot of cylinder This 
extraordinary phenomenon is reported m a way which leaves much to 1 °,^ desired in the way 
of clearness, and I very much doubt whether it was correctly nndersto^ ^ j 3 possible 
that the fine sand snspended m the water of well left a sediment of one V -n-gen the draw- 
ing stopped, which deceived the natives in charge of the experiment, an^i them^ was 
merely a conjecture on their part V 

41 The expenments were conducted till the 18th of July, chiefly nnde\ Eupem- 

Sion The well was worked generally for four hours at a stretch, and fifty bA 175 

cubic feet) taken m the hour Only a very few feet of sand came np the to jjone 

mto the cyhnder The result showed that, even if the report of July 3rd is tc^ accepted 
and it IS dangerous to work at the rate of 88 buckets to the hour, the wcU 13 ^ rfectly safe 
with a draft of only 50 buckets to the hour, and that the hmit to which it can ^ -n-orked 

with safety is somethmg more than 50, but less than 88 , hnckels to the hour 

Thi s was the last experiment, and I have nothing further to report 

42 The position m which Government stands at this stage of the expenment'isf g, 

follows — w 

It has 23 wells in paigana Hasanpnr, m all of which the cyhnder has been full; 
snnk, and tube sunk to as great a distance ns seems necessary Of these 

One (1) m Hasanpnr has long been an established success 

One (2) m Eajohan, 

One (3) m Majhola 

[(4)Padh, 

Two ■{ 

( (5) Sahadra, 

are reported to rest on clay and should therefore ho successes, bnt 
they have not been tested 





have been lately proved successfiil 



( 


9 


) 


f (6) Dehn Jat, No, 1, 

(7) » „ 2, 


Six-i 


(8) Bohadurpnr 

(9) Bawan Khen, No 1, 


I 5) M » 2, 

1(11) Eajohan, „ 2, 

were tested m October 1881, and found to be unsafe Ballart or 
tnnbnr pings have since been sunk in all, but testing has been de- 
ferred pending the resnlts in Chak Dbnnon. 


One 


Nine 


(12) Ohak Dhanon — the condition of this well has been reported in detail 
■(IS) Karanpur, No 2, 

(14) Ekonda, „ 1, 

(15) j, ji 2, 

(16) Baldana, 

(17) Hashimpur, 


(18) Hayatpnr, 

(19) Muhamdi, 


. (20) Manotn, 

1^(21) Rampnr, 

have not been tested, and it is supposed that Ibeir cyhnders rest in 
pure sand. The pipes are reported to end in coarse sand and knnknr 


One (22) Karanpur No 1 has not been touched since it proved n complete failure 
m October 1881 


One Sadbpur I am told by Captain Olibbom that this well was tested m April by 
Mr Meares, and that the oylmder has parted 22 mches below the ground surface, 
makmg the well useless I have no official report on this, though I beheve Mr 
Meares menboned the occurrence in a D 0 letter 


48. Besides there aro 17 m the charge of Muhammad Muhsin Kh4n in Amroha 
He was showing considerable aobnty m the construcbon of these up to the time of Inst 
October’s testing He then seems to have suspended opersbons fall he saw the results of 
the efforts that were to be made to exclude the sand. 

No report has been made relative to the three wells in Bsmbbal which were to hove 
been built by the zemmdar of Keshopur Bhmd . 

44 On these wells bonds have been taken ns described in para. 21 for the followmg — 

(o) — Hasanpnr, Karanpur Nos 1 and 2, Baldana, Hayatpnr, Mnhamdi, Ekonda 
Nos 1 and 2, and Eampur, from Ghnlam Ohisti Khiln 

(6). — Bownn Elen Nos 1 and 2, Ohak Dhanon, Eajohan Nos 1 nnd 2, Sadbpur 
and Padli, from the cultivators. 

(c). — ^In Bahadnrpur, Majhola, and Hashimpur, crop rates have been assessed on 
the cultivators 

((Q — The two wells m Dehn Jat are m the Conrt of Wards, and the well on 
Sahadro in Government property Mr Alexander has paid for the 
ManotawcUEs 869-5-0 — ^tho total cost on that having been Es 408-11-6 

(« ) —A bond has been taken from the culbvators for n well in Tigana, which 
bos been smce abandoned. 

(/) --Bonds have been taken from Muhammad Mnhsm Kb&n for the cost of 
seventeen wells, nnd the sum of Es 4,528-12-7 has already been paid on 
account 

(j ) — Es 1,000 has been advanced to the aemmdar of Keshopur Bhmdi 
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45 The steps remaining to bo taken oppear to be the folloirmg 

(1) Careful testings should be continued at the Chak Dhanomrell, and it should 

be nseertamed how many buckets per hour can bo drawn with safety. 
The Engmecr in charge could be famished with instructions as to how 
tTug testing might be accomplished They are too long and too techni- 
cal for this reporti 

(2) Most of the tabes end m nodnlarkun bur The reason for this was probably 

tho difScnlty of dniung a wooden tnbe throngh such a stratum Bnt an 
iron pipe could easily be pnl down as a continnatioa of the present wooden 
ones It has nsnally been found that a layer of nodular knnknr imme- 
diately coTcrs a laver of clay Trial bormgs might be made in the tubes 
of the Moradahad wells by Mr ’VTilson’s sand pamp, and if they proved that 
there was a day stratum wilhm a few feet of the end of the present pipes, 
the wells might probably be made perfectly efficient at a very small cost. 

(S) There arc reasons for hclicving that both the water supply might bo in- 
creased and the flow of sand duninisbed if the hollow formed under the 
end of the tobc were filled with bits of knnknr and bard stone. Tbis 
conld easily be tned. The cylmder sbonld be emptied as far as po^tffile, 
and a man sent down to drop tbe knnknr info tie tnbe He should occa- 
Honally let a hue down to sec that the tnbe was not being filled up. 

(4) "irdls 4 and 5 sbonld he carefully tested. It is possible that nothing 

farther need bo done to them 

(5) The ballast or knnknr pings should bo taken ont from beneath the cylinders 

m wells 6 to 11, and impermeable concrete pings substituted 

(C) 176113 13 to 21 should be tested, care being taken not to subject them to 

such a strain as to endanger the stability of tbe cylinder If, ns will 
probably bo the case, it is found that sand comes up from under the 
cylmder they too should be supplmd with impermeable pings 

It should be left to the Engineer m charge to say whether it ronld be worth while 
to repair the broken wells at Enranpnr and Saohpur, or whether they 
should be abandoned 

4G There nppea*5 to be no rea'cn why the sgrecmcnls taken for the three first wells 
on the kst should not be enforced In every other case they should be held Lable to revi- 
sion until the well has been finally pronounced on The terms then to be exacted would 
depend on the safe wafer supply Perhaps a capital etna calculated on tbe rat" of Be 1 
for every cubic foot drawn dnrmg the hour would be a fair charge Tbit is to sar, a Well 
that would give a hundred buckets, each bolding four cub c feet in the hour would be worth 
Rs 400, of course the limit ongmallr agreed on would never be exceeded 

47 I have made no proposals as to the course to be adopted with Mnbammad Mobsm 
Khin. That can only Be determined when tbe expenments now in pugress on the weks 
under direct supervision have been pushed to completion. He shared tbe ^gnine views 
entertained at the commencement of the experiment, and whatever has been nebteved is 
largely due to his eueregctic co-operatiofi He deserves I thmk to he treated with mneh 
consideration 

48 The statement of expenditure is taken from the accounts fnrmshed bf the ac- 
countant who was deputed to draw them np in May last Since the cOnlmencement of the 
work there have been five officers in immediate charge, and fonr different Directors of Agn- 
cnllnre This, and the fact that, owing probably to tbe fends Laving m tbe first instance 
been placed by Government at the disposal of the officer m charge, and not inclnded in the 
budget of this department, no monthly audit biUshave ever been fcmisbed, has added vexy 
greatly to the difficulty of clearing up tbe financial aspect of the experiment This must 
be my explanation of the discrepancies which occur between the cost of the fimshed wells 
which I reported in December last, and the cost of the same wells now given by the ac- 
countant. 
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49. The whole Bum advanced by Government has been Es. 27,600, and agfanst this 
the Bavings up to the time when the accounts were made up appear to have been ap fol- 
lows — 


CaBh m Engmeer’s hands, 
Credit at TreaBunes, 
Lapsed, ... 


Bs. A F. 

58 16 4 
2,888 15 7 
2,408 a4 0 


Total Be , . . 6,346 12 11 


This would make the total expense to Government up to the same date Es. 22,853-8-1, 
of which Es 5,528-12-7 have been advanced to Muhammad Muhsm Khan and the Eemm~ 
dar of Keahopur Bhmdi, leavmg Es 16,824-6-6 as the sum spent on constmctmg the wells 
under direct supemsion, on tools and plant, and on experiments. The amounts under each 
of these heads, ns far as I can understand the accounts, have been as follows — 

Es A, P 

Construction, . . . . 13,814 8 7' ^ ' 

Tools and plant, , . 2,449 11 8 

Experiments, . 1,085 15 5 


Total Es, .. 16,800 8 8 


Which leaves an unexplamed balance of Es 24-2-10 


50 As has before been pomted out, it la impossible to say how much of this sum 
may be recoverable when the work has been completed 


51, Mr Meares has formshed mo with an account of the sums expended under the 
superintendence of each officer dnnng the time be was in charge I have not been able to 
make it tally exactly with the other accounts, but it seems to be approximately accurate — 

Work. Tools. 


Mr Mills, (6 months,) 

Mr Alexander, (8 months,) 
Capt BeUasis, (8^ months,) 
Mr Meares, (10 months,) 
Mr Edwards, (4 months,) 


5,690 18 10 1,271 11 4 

5,412 4 8 456 8 6 

. 2,426 5 0 187 11 8^ 

.. 8,509 18 10 470 1 7 

. 1,146 14 11 124 0 0 


62 It cannot bo said that the present experiments throw any light on the cost of 
masonry for wells, and this is so well known already that the defect is hardly a matter for 
serious regret The cost of sinking tabes is less generally known, and some defniJs which 
were given me by Mr Meares in October last may be of mterest. He found the cost per 
Imeal foot to be as follows — 


Iron tubing. 


Es A 
. 2 0 

P 

7 

Sinkmg, • 

9 

.. 1 14 

0 


Total Es., 

3 14 

7 

Wood tnbmg. 


, . 0 11 

0 

Sinking, 

• * 

..10 

0 


Total Es , 

... 1 11 

0 

Earthenware tubing. 

• * • 

. 1 10 

4 

Smkmg, . , 

• • 

..80 

8 


Total Es , 

... 4 11 

0 


Naim Tal, 
3rd October, 1882 



(Signed) W. C BENETT, 


Nirfcfor 
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TABLES AND APPENDICES TO CAPTAIN 
CLIBBORN’S REPORT. 




TABliE A — Observation and Evpertntenl 
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Table A — Obsereatxon and Hxj}ert}nent^(Contmrjed) 
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Table A . — OUcrwlion and (Conlmncd) 
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Table A — Observation and Expertinent — (Oonhnned) 
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Table A — Observation and Experiment — (Contmued) 













































Table A — Obscnation and Experiment — (Continued) 
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Table A — Observation and JEvjMimcnl — (Continued) 
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Table A — Ohservalxon and Experiment — (Continued) 
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Table A — Olservalxon and Expetimeni — (Conlmued) 
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TAntH A — Obtmation and Experiment — (Contmnod) 
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• Thac examples aro omitted m the calcalationa for mean areas, ^Lc. 


■\Vbcnt &. Omni 





















Snfllowcr &. Glrnm 


( lU ) 


Provinces and Oudh, and the number of tcatenngs requiredfor each class {firngated crop — 1881-88 



Remaiks. 


Area 

Waterings 

Area 

W atenngs ' 

Area 

Waterings 

Area 

Waterings 

Area 

Waterings 

Aren 

Waterings 

Area. 

Waterings 

Area 

Waterings 

Area 

Wntenngs 

Area 

Waterings 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area- 

Wntenngs 

Per cent area 

Mean iratenngs Area 65 60 


Aren 

Wntenngs 

Area 

Watenngs 

Area 

Wntenngs 

Area 

Watenngs 

Aren 

AVatcnngs 

Aren 

Watenngs 

Area. 

Watenngs 

Area. 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area. 

Watenngs 

Aren 

Waterings 

Area 

Watenngs 

Area. 

Watenngs 


B 2 


> 























o 


Hwmrpur — (Confrf) 32 27 2 I 

„ 31 22 1 

„ 20 22 J 

» -’7 21 

„ 35 19 

„ 48 18 2 

„ 49 18 2 8 

„ 42 10 2 1 

„ 41 14 2 

„ 43 14 2 

„ 34 12 1 



Pomkhabad, 


Kharif, 28 
Rabi, 33 


67 
63 
90 

66 57 1 

88 36 1 

72 
69 
92 

74 35 


78 32 

80 32 

87 16 

86 15 

s 46 

• • Lagor, E. 51 



ItABI 


Duty per 


WcU 

LUt. 

Pair 


KltAnn* 


Doty per 



pheailij 16 



2 00 2 00 2 60 

* • • » 

3 00 I SO 1 50 
I 75 0 32 0 41 
30 1 30 .. 

' 1 80 0 90 0 90 


2 19 1 04 1 42 


1 63 1 63 1 63 


1 73 1 73 1 73 


1 29 1 29 I 29 


1 20i 1 20 

2 34 1 17 1 17 1 17 


3 10 1 45 1 45 1 45 
Dhenkli,^ 0 601 0 601 1 20 . 



2 lic 30 examples aio omitteil in the calcnlatioiis for mean ureas, ic. 





























Safflon’cr & Gram 


( T ) 


Pronnas and Oudfi, and the nnmltr of watcnngs required for each class of irrigated crop — 1881-88 — (Contmned) 


Rabi 


Khaeif 



5 

el 

o 


o. 

O 


4 00 
10 
2 83 
1 


8 8 


0 40i 
6 


1 26 
7 

2 061 
6 


0 37 
12 
0 30 
12 ' 


70 5 


0 30 


1 63 
10 


1 73 
12 ! 


I 29 
10 


I 17 
10 


10 


Potatoes. 

Garlic. 

1 

Sugar 

Cotton 

e 

6 

a 

2 

»5 

Millet 

O 

A 

Remarks. 









Area 

* • 

» • 



• • 

• 


. 

"W ateriDgs 









Area 

• 

• • 

• • 

« • 

• • 


• • 


W atermgB 



26 


2 60 




Area 

« • 

• • 

m 


2 


• • 

• • 

W atenngs 



09 






Area 


• « 

10 

« 




« 

Waterings 









Area 

• • 


• • 

• 

• • 



• • 

W ntenngs 




3 00 





Area 



• • 

7 

• • 



• 

Waterings 




1 75 





Area 

* • 

« • 

• • 

8 

» 

• 

. 


Waterings 









Area 

• • 





• 


• 

Waterings 




1 8 





Area 

• • 



8 

• 

• • 

• • 

• 

Waterings 









Area. 



• 

•• 


• 

• 

• » 

Waterings 









Area 

• 

« 


• • 

• • 

• 

t • 

• • 

Waterings 



5 3 

80 2 

19 8 




Percent area 


• 

10 

6 

2 


• » 


Mean waterings Area 119 15 









Area 


• 

• • 

• 



•» 

» 

Waterings 









Area 


• 

• • 

• 

• 



»• 

Waterings 

1 63 





1 63 



Area 


m 


• 

• • 

2 



Watenngs 









Area. 




• • 

» • 

• 


• 

Waterings 






1 50 

0 23 


Area. 

12 





2 

2 

t • 

W atenngs 









Area 




« 


• « 

•* 

• 

Watenngs 









Area 


* 


• 

• 9 

• • 


• • 

W atenngs 

1 29 






1 29 


Area 

10 

* • 


• • 

■ « 

• t 

4 


Watenngs 









Area. 


• 


• 

• 

• • 

• 

• • 

Watenngs 









Area 

• 

« 

* • 

• * 

• a 

• 

• « 

•• 

W atenngs 

111 





117 



Area 

10 


« « 



2 

• • 

• * 

Watenngs 









Area. 

* • 

* • 

• 

• 

• 

• a 

• « 

• « 

Watenngs 









Area 

• • 

« 

• 

• 

• t 

• • 

• • 

• 

Watenngs 



0 60 






Ares 

• « 

m 

12 

« 

.. 


• • 


Watenngs 



0 60 






Area 

• « 

• 

12 

• * 

• 

• « 

• 


Watenngs 

72 


1 0 



73 8 

26 2 


Per cent, area 

■ 

.. 

12 

«• 

• • 

O 

3 

• 

Mean watenngs Area 86 11 

• * 

1 

• • 

• 



• » 





































( IX ) 


Fromncis and OudJi, and the nxtmler of xoalenngs required far each class oj irrigated crop — 1881-83 — (Continued) 


Rabl 


/ ^ 
t m 


0 GO 
3 


0 4 


o 


e 

c 

tT3 




- 

e 

0 

0 

1^ 

c cs 
eO 

0 




0 23 
1 


0 66 
'4 


1 34 
5 

0 83 
3 


1 26 
5 


0 1 


1 6 


0 5' 


1 10 


0 54 

lo! 

40 


1 I 4 I 
1 


2 80 

I 

2 11 
1 


2 0 


4 94 
5 


2 0 


1 SO 
2 

1 51 
a 


0 5 


0 20 
10 
1 00 
8 

3 0 


1 4 


S 

o 

Ph 


0 12 
0 


0 10 
10 


0 20 
10 


0 OSj 0 2 
6 10 


0 80 
6 


3 03 
10 


1 2S| 
10 ' 
0 57; 
10' 


1 28 
10 


10 


1 10 
4 


0 G 



& 


Hemuks. 


Area. 

TV aterings 
Area 

Waterings 

Area 

Waterings 

Area 

Waterings 

Area 

Waterings 


Per cent area 

Mean vratenngs Area 43 18 


Area 

Waterings 

Area 

Watonngs 

Area 

Watenngs 

Area. 

Watenngs 

Area 

W atenngs 
Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Waterings 

Area 

Watenngs 

Area 

Watenngs 

Area. 

W atenngs 
Area. 

W atenngs 
Area 

Watenngs 

Area. 

Watenngs 

Area 

WafenngE 

Area 

Watenngs 

Per cent area. 
Meannatenngs Arca2G7 SO 


Area. 

W atenngs 


Area 

Tl atenngs 


C 











Table B — Shotvmg the Yearly Area la Acres commanded by Wells in 20 Districts of the North-Western 


Sistnct 

t t 

.O 

B 

3 

U 

u 

h 

3 ® 

Cl 

No o£ lifts 

XHO of cattle or niou 
lifting 


Muttra — (Contd ), 

319 

59 

2 

4 

Kih, 

it 

325 

59 

o 

4 

)l 

i 

312 

58 

1 

0 

a 

if 

31S 

58 

1 

4 

a 

]> 

287 

51 

1 

2 

n 

)) 

291 

49 

1 

2 

a 

jp 

29-1 

CO 

1 

2 

tj 

IP 

296 

46 

o 

4 

1) 

ft 

30-1 

16 

1 

2 

ij 

Mean, 


51 


34 

II 

Bulandsliabr, 

334 

39 

1 

2 

i> 

it 

340 

34 

3 

10 

11 

Ji 

329 

30 

2 

8 

It 

it 

374 

30 

2 

8 

j> 

tp 

359 

27 

2 

8 

If 

31 

369 

i '' 

1 

4 

IT 

it 

389 

26 

2 

8 

IT 

If 

346 

23 

3 

6 

It 

}) 

331 

18 

1 

4 

If 

IP 

3se 

16 

1 

4 

11 

)i 

40( 

1C 

1 

4 

11 

« 

39- 

1 li 

1 

4 

It 

i> 

35 



4 

» 


Kbanf 

J 2- 




Mean, 

Rabi, 



5 


Meerut, 

43 

i 2- 




3) 

41 

oj 2 

5 

1 1( 

31 

11 

13 

0 2 
j 


1 i; 

) 

• tl 

11 

12 

5 2 

1 

2 

J> 




\ 


1 




























( XI ) 


provinces and Oudh, and the number oj tcatenngs required Jor each clats of irrigated crop — 1881-88— (Confanned) 


Sabi. 


KTrABIP 




Area 
Watonugs 
Area 

WatenngB 

Area 

'Waterings 

Area 

Waterings 

Area 

Waterings 

Area 

Waterings 

Area 

Waterings 

Area 

Waterings 

Area 

Waterings 
Per cent area 

MeanirntenngB Area 84 87 


Area 

Watenngs 

Area 

WatermgB 

Area 

Waterings 

Ares 

Waterings 

Area. 

Watennge 

Aren 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Waterings 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area. 

Watenngs 

Pec, cent area 

Mean watenngs Area 1G7 20 


Area. 

Watenngs 

Area 

W atenngs 
Area 

Watcnnps 

Area 

Watcnngi 













Dtttici ritaiu 























Safilowor & Gnim 


( 3au ) 

Promncts and Oudh, and the number of xvattnnga required for each claas of irrigated crop — 1881-88 — (CJontmned) 



03 20 16 
6 2 4 



a 3 ^ 

a H 

.3 M 


62 8 87 2 
8 1 



Area 

Watenngs 

Area. 

"WatenDgs " 

Area 

Watenngs, 

Per cent area. 
MeanwatenngB.Areall9 55 


Area. 

Waterings 

Area 

Watenngs. 

Per cent area 

Mean watenngs Area 19‘'45 


3 40 
10 
2 40 
10 . 


Area 

Watenngs. 

Area 

Watenngs 

Per cent area. 

Mean watenngs Area 5 80 


100 0 100 0 
10 3 


Area. 

Watenngs 

Area. 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs. 

Area 

Watenngs 

Area 

Watenngs 

Per cent, area 

Mean watering Area 20 22 


Ares 

Watenngs 

Arex 

Watenngs 

Area 

Watenngs 


















( XIV ) 

Tablb B — iht Tearly Arta in Acres compuindid by Wells in 20 ButncU 


District 


Bampnt State, 


Bareilly, 


Slean, 

Pflliblut, 


ShaLjahanpar, 



Moradabad — {Gonld.) 


i 

a 


O 


cattle 

Iftlng 

Class, 

o 


o 

'A 



Eabl 


Duty per 


Khabip 


Duty per 


2 Kill, 

2 2 Dhmtli, 


4 Krii, 

1 Bdti, 


3 6 Kill, 

1 2 .. 


it 

1 EiIU, 


2 Kfli, 

3 Dhenklij 


1 2 LagorJ 


I 


6 Coobe, 


2 I Eiti, 1 16 1 16 2 32 


iphftntlij 


2 Lagor, 
37 6 Coolie, 


II 


2 Lagor, 


31 l| 2 „ 

20 I 2 Coolie, 


of the North-Westerr, 


Dabl 



Wheats, Barley 




















ISofllowor &. Qrfinu 


( ) 

Provinces and Oudh, and (he number of waterings reguired for each class of irrigated crop— 1881-83 — (Continued) 



Area 

Watenngs 

Area 

■Watenngs 

Per cent area 

Mean watering Area 18 95 


Area Area 0 22 

Watenng RSh counted os 1 lift 
Per cent area 
Mean iratenDgs 

Area 

Waterings 

Area. 

Watenngs 

Area 

W atenngs 

Per cent area 

Moan vratenng Area 12 03 


Area 

Watenngs 


Area 2 80 



15 5 100 0 
20 2 ' 


Area 

Watenngs 

Area 

Watenngs 

Aren 

Watenngs 

Area 

Watenngs 

Area 

W atenngs 
Aren 

Watenngs 

Area 

W atcTingB 

Per cent, area 

Mean watenngs Area 3C 33 


Arca- 

Watenngs 

Area 

Wntenngs 

Area. 

W atenngs 
Ar^n 

W atenngs 
AT^a. 

^\ alenngs 

















Table B — Showing the Yearly Area n» Acree commanded by Wells in 20 DistncU of the ITortli-Weticm 



AYljcat &. Unrlc) 



























SniTlowcr Gnun 


( IVU ) 


Promnces and Oudh, and the number of waterings required for each class of irrigated crop — 1881-8S — (Contmucd ) 


Babi 

Khaeif 

Bemarks. 

° 1 

,2 »- 

o P 

CQ o 

m 

o ^ 

eS 

CO 


Cnrrota 

Pens, 

n 

*5 

o 

Oplnm. 

Tobacco. 

Potntocs. 

"S 

a 

a 

n 

o 

•2 

e 

O 

Ut 

cs 

tfl 

D 

CO 

Cotton 

Indian Corn 

O 

=3 

fOi 

Indigo 

••• 

• 

• * 

•* 

• 

• 

• 

« 

• • 

« 

/ 

• 

• 

• 

«• 

~ 

t 


• 


1 


0 70 
0 

1 0 
9 

* 

0 50 

15 

46 

16 

« 

• 

• 

5 20 
6 

79 

6 

1 40 

6 

35 

5 

0 51 
12 

1 06 

8 

100 0 
10 

2 00 
8 

100 0 
8 

» 

• 

• 

»• 


i 

• 

»» 

Area. 

Waterings 

Area 

Waterings 

Per cent area 
Meanwatermgs Area 11 72 

Area 

Watenngs 

Area. 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area. 

Watenngs 

Per cent area 

Mean watenngs Area C7 94 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs. 

Area 

Watenngs 

Area 

Watenngs 

Area 

Watenngs 

Area. 

Watenngs 

Area. 

Watenngs 

Per cent. area. 

Mean watenng! Area 33 SI 

Total Area, 1481 33 


D 





















( XVIU ) 


Abstbact Table B —Sfmmng Area 



CaTmpqre, 

HaHUipur, 

Faiokliabad, 

Mampun, 

Etah, 

Baharanpnr, 

Shahjahanpnr, 

TJnao, 

Luctnovr, 

Hardni, 

Shahjahanpur, 

Unao, 

Luokaow, 

Hardcu, 

Mampuii, 

ALgari, 

Mattra, 

Bnlaadsbabr, 

Mecrnt, 

Muzaffarnagar, 

Bijnor, 

Moradabad, 

Bareilly, 

Earnkbabad, 

Bijnor, 

Moradabad, 

Pnbbbit, 

Sbabjtibaiipnr, 

Hardm, 

Bampnr State, 

Bareilly, 

Sbabjabanpur, 

Hardm, 


6 2 0 2 


21 Edti, 














( XIX ) 


commanded hy Wells, 1881-83 


Pebcentaoe, 


3 J g 

5 =5 -S 


KHABIF PEBOEKTAaE 


S is J» 

£ ^ S 



4 0 40 


80 2 19 8 


73 8[26 2 


The percentage m heavy black type refer merely to 
the class of lift opposite which they are entered, and 
ere not general percentages of imgntion 


Mean Result per pair oj Cattle or Men employed 


• • • ^ 

S S Class. 
• • 5‘n 

e-s 

D 



Kill, Cattle, 
Lagor, 


Dbenkli, 


• Humber of ejptruDcnts and walenags insnffieicnt 



























( xs ) 


Table C — Showing depth of watering given, to various crops, and calculated loss from absorption in 

water-courses 



( XXI ) 


C'' 


Table C — Shmtng depth of watering given to various crops, and calculated loss from absorption in 

water-courses — (contmued) 


Observation 


Eicpebiment 


Calculated Loss. 



h 

S 

Zi 

Crop 

No of waterings 
required 

Sofl. 

Length of wate^ 
coarse. 

til 

a 

C 

s 

a 

t 

S 

a 

w 

“S' 

n 

II 

o.= 

Area irrigated in 
eqnare feet 

Depth of water 
on area in feet 

Depth of damp , 
in feet. 

Excels 

Lou 

Percentage of 
area lost 

Depth. 

M-l 

o E 
a 

aS 

t£) ^ 

a 2 

o 

Cnbio feet 
per foot of 
water eonrso 

Area 


86 

Gardta, 

12 

SJatyar 

160 



343 

3,483 

0984 









S'? 

n 

12 

fl 

220 



524 

3,783 

1385 


0193 

30 

72 

2 428 

611 

16 1 

C 

Met 

m „ 

12 

1) 

190 



433 

3,633 

1192 








tS 




































o 

< 

88 

Tobacco, 

12 

Ehunat, 

400 

• 

5 

1,142 

8,286 

1378 

75 







-< 

n 

Ui 

90 

if 

10 

II 

300 



1,684 

12,509 

1346 

76 







p 

a 

92 

)) 

10 

II 

250 



1,280 

8,448 

1515 

66 








94 

tf 

10 

1) 

400 

«•« 


1,546 

8,464 

1826 

75 

0299 

50 

253 

5 060 

1,667 

19 6 

- 

Mea 

n jj 

10 

11 

350 


5 

1,413 

9,253 

1627 

73 








136 

Wheat, 

3 

11 

450 

1 


1,178 

4,890 

2409 

80 








110 

ff 

3 

11 

010 

2 

30 

5,629 

23,049 

2442 

55 

0187 

184 

431 

2 343 

1,911 

83 


123 

ft 

3 

II 

800 

2 

30 

3,603 

15,362 

2846 

76 

0091 

74 

139 

1 889 

619 

40 


131 

ff 

3 

Matyar, 

370 

2 

.0 

2,511 

8,027 

3128 

1 00 








133 

if 

3 

Dnmat, 

680 

2 

80 

1,598 

7,509 

2123 

75 








138 

II 

3 

11 

370 

2 

37 

2,217 

13,322 

1664 

66 








140 

>1 

3 

II 

340 

2 

45 

1,934 

13,450 

1438 

50 








141 

II 

3 

II 

240 

2 

30 

1,203 

7,240 

1662 

50 








147 

II 

4 

II 

180 

2 

30 

1,074 

5,332 

2014 

80 







g 

150 

II 

3 

Matyar, 

970 

2 

60 

1,835 

10,055 

1825 

50 







1 

153 

I) 

3 

Dnmat, 

410 

2 

30 

4,394 

19,230 

2285 

70 








167 

I) 

4 

Mixed, 

2,400 

2 

40 

6,697 

18,040 

3712 

1 00 

1457 

1,674 

2,628 

1 570 

11,650 

64 0 


128 

» 

3 

Dnmat, 

1,050 

3 

45 

3,388 

19,434 

1743 

75 








Me 

1 

an „ 

3 

II 

720 

o 

39 

3,007 

13,335 

2255 

70 








9( 

Qnjai, 

2 

Sandy, 

600 

1 


1,475 

9,775 

1509 

50 








14! 

» 

2 

|Dumat, 

560 

1 


2,660 

X 1,400 

•2333 

80 








Me 

an „ 

r 

» 

580 

1 


2,067 

10,687 

1953 

65 




1 




10 

S 

r 

t. 

, 

1,060 

2 

20 

4,294 

33,107 

1297 

75 








11 

3 II 

\ 

1) 

1,2S0 

2 

45 

3,518 

14,904 

2360 

66 

0733 

110 

1,092 

0 031 

6,714 

45 0 


M( 

an „ 

1 

< 

„ 

1,170 

2 

32 

3,90g|24,005 

1627 

-TO 








Item arks. 


Damp in excess 


Dmp deficient 


Damp m cxcctt 


In'crral m ci 
tttlL 



Etaii I RIaihpoci — (GonUiiutd 


( xni ) 

''Pat^ t.h C Showing dapth of vatervig given lo varwus crops, and calculated loss from dbiorplwn uj 

icaler-eouTies — (continaed) 
































( XXUl ) 

Table 0 — Showing dqith of watering given to vanoiis crops, and calcidated loss from absorption vi 

water-courses — (continued) 


OB8EBVATIOK 


Crop 


a, 


O M 


SolL 


to 

c 

1 

a 


ExPEEiMEirr 


8 d 
a 


<5s 


li 

a ^ 

<5 


p: a 

— 

o,® 

o 

P 


o8 

t-a 

<D 


Caloulated loss 


Excess 


Depth 


Mean ‘Wheat, 

217 Barley, 
257 


234 

239 

251 

275 


( )) 

I Tobacco, 

Barley, 

r "WTieat, 
\ Barley, 

{ Peas, 
Barley, 


3toS 

2 

3 

3 

3 

10 ' 


[Mean BarleyJ 
255 


279 

291 

326 

,300' 

312 

307| 

309 

287j 

315 

319 


( Knrfa, 
(.Garden, 

Carrots, 

Barley, 

It 

Wheat, 


/ ’* 

^Gnch&nfl, 

(Wheat, 

(.Qnjai, 


Wheat, 
Mean „ 


34fi 
374 
400 

Mean 


Tobacco, 


369 

394 

3S1 


Gnjai, 

Garden, 


Damat, 


3 
3 

i 

I 

4, 

5 

3 
2 
4' 

4 

4 

3 

6 
5: 

5 

4 

5: 
!4to5 
15, 

s\ 

8 

10 

s: 

4 


II 

Sandy,! 

|Duinal,] 

Sandy, 

Dnmat, 

Mixed, 

Sandy, 

Dnmat, 


II 

Matyar, 


Dnmat, 

Jlalyar,] 

Damat,' 


1,068 

300 

680 

420 

790 

3201 

300 

4fi0 

140 

650 

I 

440i 

300 

COO 

52oj 

550 

1,020 

120 

500 

570 

180 

340 

940 

524 

790 

670 

3co; 

607 

430j 

750 

300 


2 to 3 

2 

2 

3 

3 

2 


3 

3 

2 to 3' 
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3 

1 

2| 

2 

2 

3 

3 
4| 

4 
4 

2 to 4 

1 

1 

1 


5,914 

4,033 

1,348 

1,642 

4,029 

1,270 

2,850 

3,734 

2,701 

1,485 

2,295 

1,862 

2,600 

1,665 

1,143 

1,800 

1,247 

1,484 

1,875 

2,490 

1,068 

2,550l 

2,921 

1,738 

2,403 


23,768 2408 


17,082 

4,378 

10,600j 

15,360 

3,836] 

0,834 

5,066 

2,640 

I 

26,842 

13,220 

12,600 

15,207 

7,811 

10,524 

6,336 

6,504 

13,024 

10,047 

11,037 

12,725 

8,926 

9,800 

10,700 

11,850] 

12,000 

11,518 


2,302:20,000 


3,693 

1,871 


15,000] 

7,920 


2361 

3079 

1549: 

2099: 

1868 

3699 

1391 

2043] 

•1179 

1509 

2384 

1574 

2470 

1701 

1382 

1241 

1345 

1474! 

2790 

1692 

2383 

2464 

1448 

2036 

1181 

i 

2462 

2302 


75 

80j 

86 

75 

70 
1 10 

80 

80 

60 

1 00 

79 

90 
70 
90 
1 2 
70 
1 10 
50 
66 

83i 
1 00 

80 

80 

66 
1 00 
1 00 

88 

60' 
75 
I sl 


A 


Loss 


Vh I-> 
o 

a ^ 
O 


o o E 

V ^ p 

« g s 




Area 


turn 

E ° 
S a 


Eemaits. 


1036 


0066 


0778 


1098 

0297 

0374 


140 


350 


496 


4i6 

183 

63 


463 


107 


493 


3 24 


0 307 


1 00 


980 

317 

448 


2 356 


1 73 


2,220 


526 


2,913 


50 7 


2 74 


46 0 


5,792 


1,523, 


7 110] 2,149, 


Omittmu 211 
and 242 

Damp in cxccrs 
Dampm ezccea. 


Donbtfnl mixed 
crops. 


Damp in excess 
Mixed crops 


Damp in excess. 
Damp dcOcicnt. 
Damp deficient 


64 9 

14 2 

18 1 Damp in exetfs. 





























( SXlV ) 


Tabi,e C — Shoicmg depth of watering given to various crops, and calculated loss from alsorption in 

water-courses — (continued) 



( XS7 ) 


Table C — Showing depth of icatenng given to lanous crops, and calculated loss from absorption u 

ivater-courses — (continued) 



X 



, O—^howtnff depth of icaienng giten to tanou-t crops, and calailated lass from absorption in. 

icaUr-courtes — (concmued) 



( xxni ) 

S 

Abstbaot Table C — Slwxoxng loss ly Percolation m icateV’^ourses per foot run per day of 9 hours \ 


.a 

S5 

Son 

Excess length of 
vrator-courso. 

Loss per foot of water- 
course. 

Time in honre. 

•H 

1 

sS 

s ” 
a 

No of lifts. 

s 

b 

C8 

•M 

O 

t| 

s 

a 

(S 

Bemarhs. 

33 

Parwa, . . 

61 


7 75 

2 731 


12 6 


47 

» • 


HxXUnu 

7*35 


1 

16 2 



Mean, . 


H 


2 76 

1 

13 9 


87 

Matyar, .. 

30 


74 

2 963 

1 

161 


439 

)> •• 

233 

2 597 

P75 

2 381 

1 

18 7 


690 

n • • 

193 


9 12 

0 395 

1 

5 5 


178 

)> • 

1,188 


9 3 


3 

19 8 


173 

» • 

893 

1 692 

10 3 

1391 

4 

59 4 










Numbers 113, 284, 374, 406, 471, 472, and 568, have 


Mean, .. 


• 


1 606 


29 7 

been omitted from tbia Table on account of disturbing 









influences which are noted in Table 0 

~ 94 

Domat, .t 



8*85 

5 146 

1 

19 6 

The loss by percolation is calculated by assummg the 









mean depth of each class as correct for the length of its 

257 



3 24 

8 0 

3 645 

1 

50 7 

correspondmg water-courses, the excess depth of watenng 









representmg the loss for the extra length of water-courso. 

346 


183 

1 73 

6 7 

2 324 

1 

14 2 










The result is curiously uniform, the few mconsistent 

467 


673 

1 866 

13 0 

1 292 

1 

36 7 

figures being easily accounted for by the varying ago or 









condition of some water-courses 

22 




8 88 


2 

368 0 










The moan result gives a loss of 2 372 cubic feet per foot 

123 


74 

1 889 

10 6 


2 

40 

of water-course for a working day of 9 hours, but m cal- 









eolation it will be safer to deduct 200 feet in every in- 

218 


632 

0 479 

9 5 

0 475 

2 

62 

stance from the total length, and to estimate the loss at 









2 0 on the balance only, ns the first 200 feet of water- 

268 

If -* 

432 


9 0 


2 

25 8 

course near most wells is thoroughly consolidated 

* 30C 


496 


7 7 


2 

46 0 

The percentages of loss of area vary accordmg to the crop, 


.1 







and those shown m this Table only represent the loss on 

3U 

* » 

41 G 

m 

10 12 


2 

64 9 

the excess length of water-course 

lie 

* » • 

184 

2 343 

10 7 

2 000 

1 

83 


ir 

» • • 

■ 

2 637 

10 0 

2 373 

1 

24 9 


1C* 

Mixed, 

1,674 

1 570 

9 45 

1 495 

1 

64 6 


25! 

Dumat, .. 

682 

1 305 

80 

1 468 

1 

5 8 


26 

» •• 

432 

2 462 

80 

2 520 

8 

78 



Mean, . 

478 

• 

• • 

2 111 


49 1 


42 

5 Sandy, 

233 

2 776 

10 5 

2 380 

o 

108 





0 
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E 


—Showing Mean Depths of Waterings per Crop, and District, and average interval between each Watering 


Wheat 


GnjAi (Wheat AJTD BabiiEt). 


Guchaha (Wheat ahd Gbah} 


/ ! 

3 

d 

Scfth qf 
Watering 

•1 


k 

Depth of 
W^ering 

CW 

a 


s 

(9 

Depth of 
Watering. 

P< 

a 


Butrict. 

. 

V 

tA 2 
|8 

*3 

^ £ 
E S 

& 5 

Second, &.C 

«4-l 

o 

’B 

a. 

o 

P 

Soil 

O o 

3“ 

s 

•a 

> 

o 

c 

O 

't? 

n 

3 

a 

03 

*o 

■3 

a, 

o 

p 

SoiL 

■3d 

1 = 

s 

PM 

c 
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Second, &C. 

'O 

o 

:3 

o, 

o 

p 

Soil 

Camipore, . . 

512 

2793 . 

g 

g 

Domat 













Hflmirpnr, . . 



g • 

g g 

g g 













F«rakliabad, .. 

360 

• 

2005 

• 

g g 













l^ampTin, . . 

450 

2409 

g g 

80 

g 

m 

1953 


g g 

65 

f Sandy, 
\ Domat, 


2421 


g g 

•75 


>J •• 

726 

... 3' 

3 2255 

70 

(Domat, 
^ Matyar, 


g g 

32 

1627 

70 

Dumat, 

1,760 

g g 

45 


55 


Etab, . . 

772 

.. 4 

5 2273 

70 

I Domat 
1 Matyar 













Abgarh, 

983 

.. 4 

2 1806 

70 

r Domat. 
^ Matyar 













Muttra, . , 

« 

« • 

g g 

g g 














)> • • 

524 

.. 4 

4 1692 

80 

( Sandy 
^ Domat 


' 











Bulandshabr, . 

• • 

• • 

g 

g 

g g 













I> •• 

• • 

g • 

. 

g g 

g g 
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gg 

45 

2462 

75 

Matyar 







Meerut, . . 

787 

6 

4 2710 

0 75 

1 Saody 

1 Matyar 













Muiaffttmagar, 

• 

• « • 

g 

g g 

g g 













Snhdranpnr, .. 

« 

• • 

g g 

g g 

g g 













Bijnor, 

• 

• 

g g 

g g 

g g 













Moradabad, 

t » 

g 

■ 

• 

g g 













Bampur, , , 

«• 

• 

g g 

g 

g • 













Bareilly, 

« 

g 

g g 

g 
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Pillibhit, , , 

g 

g 

g 
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• 

# g 

g 

g g 














Luckaoir, 

75 

2 1735 

g g 


Dumat 













• 

85 

3 . 

30 100- 

.. 

f Domat 
^Matyar 













Eardui, . 

31 

2 2375 


g g 

1 Dumat 
1 Matyar 














51 

0 .. 

30 153 

3 .. 

Matyar 













Mean, 

50 

4 2366 

g g 

SO 

Mixed, 

580 

1953 


g • 

65 

r Sandy, 

1 Domat, 


2421 

• 

g g 

75 


1 > 

CS3 . 

42 198 

5 7C 

. 

060 

g g 


2045 

72 

r Domat, 
Matyar, 

1,760 

g # 

45 

2003 

55 

g g 
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